TREATISE 


Mathematical Inſtruments, 


As are ny put into a 


FQR TABUERE. CASE. 


Shewing ſome of their Uſes in 


PE 2882 n e e EA 
2 r 222 CO ON 06> K 
JJ 22 Ono ICON 
AS. „ r re re WO 2 

1 8 2 P * 2 — s 
* 3 Crs. £ 
$ 


ws” 
. 


ee a rg Wi JO SP "1 
Leal oor 
7 

7 „ 


ARITHMETIC, | ARCHITECTURE, 

GEOMETRY, SURVEYING, 

TRIGONOMETRY, [ GEOGRAPHY, 

SPHERICS, || PERSPECTIVE, &c. 
WITH 


An APPENDIX; 


CONTAINING 
The Dz$cRrIPTION . and Usz of the 


GUNNERS CALLIPERS. 


A N D 


The Deſcription of, and Precepts for the Delineation of, 
SHIP-GUNS AND SEA MORTARS. 
To this Treatiſe, is prefixed 
A Brief Account of Authors, who have wrote on the 
PROPORTIONAL Coup AssEs and SECTOR. 


The THIRD EDITION, with many ApviTOns. 


C85 


By JOHN ROBERTSON, -: 


/ 


+24 $6.4 


LIBRARIAN to the Ror L Socixrv. 


—_— —— — 


1% N m. ²ẽñ f . If 
Printed for J. Nous, Bookſeller to His * in the STRAND. 


— 


M. oc. Lxxv. | 


PIE: | 
41111 


Y 
* 


1 
* 

3 

Gums 


As; 


5 


+> «+ 


5 * 
4 
» 
* 
* 
© 
Ly i 
* 
hn? 
* 
3 
2 
. 
1 * 
1 
* 
"> 
4 
* 
a 
1 
f 
4 
* 


sis Jaurs BUnROW. 
| MASTER OF THE CROWN OFFICE, 


Vie PRESIDENT OF THE ROYAL. SOCIETY, - 


+ Þ ED W 
T might be neceſlary to apologize 
1 for addreſſing a work of this kind ta 
a Gentleman whoſe time is devoted to 
affairs of more genera] importance, 
were it not well known that many of 
the moſt eminent Lawyers have, aon 
public occaſions, ſhewn their intimate 
acquaintance with the Mathematical 
Sciences. The very uſeful work, that 
has for many years paſt chiefly engaged 
your attention, may indeed have pre- 
vented you lately from beſtowing much 
of your time in contemplating writings 
of a different kind; yet the Mathema- 
tical principles which were once fami- 
liar to you, joined to that diſcernment 
which you are known to poſſeſs, make 
you a competent judge of the utility of 
| Elementary 


(iv) 


Elementary and Practical Treatiſes on 
ſuch ſubjects. | 


However, J have particular motives. 


It was through your friendly communi- 
cation, that the Second Edition of this 
work was divelted of many typographi- 
cal errors which were in the firſt ; and 
alſo furniſhed with ſome uſeful <a 
. vations : Therefore, with great 


priety, I think, the preſent Poblication 


claims :the favour beitig addreſſed to 


yourſelf; who” are not only a friend to 
the Author, but lived in the moſt ſtrict 


friendſhip with the late Martin Folkes, 
Preſident, and Peter Davall, Secretary, 
of the Royal Society, to em the 


two! former Editions were Dedicated. 


Theſe, I hope, will be ſufficient to 


plead an rh for this addreſs, Ton 
bim who 1 is, with great i am 


3110 "<4 90. 715 5 7 — 


IR. 


"Your den lin Servant,, 2 
J. ROBERTSON. 
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R E A D E R. 


T is needleſs. to enumerate the many W 

to which mathematical inſtruments ſerve; their 
uſe ſeems quite neceſſary to perſons np in moſt 
of the active ſtations in life. . 

The Architect, whether civil, military, or naval, 
never offers to effect any undertaking, before he 
has firſt made uſe of his rule and\compaſſes, and fixed 
upon a ſcheme or drawing; which unavoidably re- 
quires thoſe inſtruments, and others equally neceſſary. 

The Engineer, cannot well attempt to put in exe- 
cution any deſign, whether for defence, offence, ornar 
ment, pleaſure, &c. without firſt laying | before his 
view, the plan of the whole; which is not to be 
conveniently performed, but by rulers, compuſſes, &c. 

There are- indeed, very. few; good Artificers, 
who have not, in ſome meaſure, occaſion for the uſe 
of one or more mathematical inſtruments; and when- 
ever there is required, an accurate drawing or repre- 
ſentation of a thing to be executed; that collection of 
inſtruments, uſually put into portable caſes, is then 
abſolutely neceſſary: And of theſe, the moſt common 
ones, or others applicable to like ſervice, muſt have 
been i in uſe, ever ſince mankind have had occaſion to 
provide for the neceſſary conveniencies of life: But 
the parallel ruler, the proportional compaſſes, ang the 
Setter, are not of any great antiquity; 

However, by means of the opportunity, which the 
author had of conſulting moſt, if not all, of the prin- 


In the collection of the late Milian Janet, Eſq; | 


(vi) 

he thinks it will ſufficiently appear from what follows, 
who were the inventors of theſe latter inſtruments; © 
and when they were firſt known and made uſe of. U 

I. Gaſpar Mordente, in his book on the compaſſes, 
printed in folio at Antwerp, 1584 ; gives the con- 
ſtructjion and uſe of an inſtrument, invented by his 
brother Fabricius Mordente, in 1554 ; and by him 
preſented. to the emporor Maximilian II. in 1 572: 
Fabricius preſented, it afterwards, with ſome im- 

yements, to Rodolpbus II. the ſon of Maximilian: 
on 578, Gaſpar: ſtudied to appl the inſtrument to 
various uſes, by the command of the then governor | 
of the Netherlands. The inſtrument conſiſts of two 
flat legs; moveable round a joint like a common 
pair of compaſſes; but the ends or points are turned 
down at right angles to the legs, fo as to meet in one 
point when the legs are cloſed. In each leg there 
is 2 groove, with, agen, Hrted. to it, carrying a 
perpendicular point; ſo that theſe alſo appear like 
one point when the legs are cloſed, and the ſliders are 
oppoſite. This com aſs is jointiy uſed with a rod, 
containing a ſcale of equal parts; whereof 30 are 
equal to the length, of each leg. As the operations 
with. chis compaſs, depend on the properties of ſimi- 7 


lar tui 8, therefore. its principles are the ſame 1 | 
with of the ſector: And moſt, or all the prok 


dlems that are performed by the line of lines only, 
can with almoſt the ſame eaſe, be performed by theſm 
the tranſition from this inſtrument. to. the ben is 
natural, and ea. BY 
The uſe, of this inſtrument, is ee in pro- 
blems concerning lines, ſuperficies, falls and mes | 

furing of :nacceſible F wech af ates 3s 
The author, p. 22, lays, he invented an inſtrument. 
there deſcribed z which is our parallel ruler with Pa- 
rallel bars: The parallel ruler with croſs bars; is * 

more modern contrivance.. - -.- 

II. Daniel Speckle, in the year 1589, publiſhed 3 in 
_ his military architecture, at Straſburg : where he 
was 


(vii 


was architect. In his ſecond chapter, he takes no- 

tice of compaſſes then in uſe of a curious invention, 

whoſe center could be moved forwards or backwards; 

ſo that by the figures and divifions mark'd thereon, 

a right line could be readily and correctly divided 

into any number of equal patts, not exceeding 20. 

This inſtrument ob been ſince called the Proportional 

compaſs. 1 

In the ſame chapter he mentions another compaſs 

with an immoveable center, and broad legs, 

whereon were drawn lines proceeding from the cen- 

ter, and divided into equal parts; whereby a right 

line could be divided with equal parts not exceeding 

20; becauſe the diviſions on the lines ftill Kept the 

| ſame proportion; to whatever diſtance the legs were 

opened. Such an inftrament has been fince called a 
| ſeffor. ; a —_ 

III. Dr. Thomas Hoe 4 printed at London; Hed 
1598, a quarto book; ern led, The making and uſe 
of a Geometrical Inſtrument, called 4 Sector. This in- 
ſtrument conſiſts of two flat legs, moveable about a 
joint; on theſe are ſectoral lines, of equal parts, of 
polygons, and of ſuperficies; that is, lihes ſo dif: 
poſed, as to make all rhe operations that depend on 
ſimilar triangles quite eaſy, and that without the lay- 
ing down of any figure. Lo tlie legs! is fitted a cir- 
cular arc, an index moveable on a joint, and lights, 
hier It is made fit to take angles. 
3 Chriſtopher Clavius, in his practical geometry, 

printed in quarto at Rome, Anno 1604, in page 4, 
ſhews the conſtruction and uſe of an inſtrument, 
which he calls the inſtrument of parts; it conliſts of 
two flat rulers moveable on a joint; on one fide of 

| thele legs, are the ſectoral lines of equal parts; on 
the other ſide, are thoſe of the chords: After ſhew- 
ing ſome of their uſes, he concludes with fay ng, he 
is ſenſible of many others ta which it may be applied, 


but leaves them for the n of W reader to dif- 
cover. 
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VIII 


V. Levinus Hulſius, in his book of mechanical in- 
ſtruments, printed in quarto at Frankfort, Anno 1605; 
gives, in the third part, the deſcription and uſe of an 
inſtrument, which Juſtus Burgius called the propor- 


tional compaſs. Hulfius ſays, the uſe of it had not 


been publiſhed before, og the inſtrument had 


been long known. 


VI. fone 1605; Philip Herſeber, Ms D.: pub- 
liſhed at Mentz, — quarto book, containing the uſe 


and conſtruction of the proportional compaſs. This 


author does not pretend to be the inventor; but that 
ſeeing ſuch an inſtrument, he thought he could, 
from Euclid, ſhew its conſtruction and the grounds 
of its operations. 

VII. Anno. 1606, Galileus e in „ Hallen -n 
treatiſe of the uſe of an inſtrument, which he calls, 
T he geometrical and military\cenipaſs. On this inſtru- 
ment are deſcribed ſectoral lmes of equal parts, ſur- 


faces, ſolids, metals, inſcribed polygons, polygons of 


given areas, and ſegments of circles. In the preface 
to an edition of this book, printed at Padua, Anno 
1640, by Paola Frambotti, Galilæus ſays, that on 
account of the opportunity ho had of teaching ma- 


thematics at Padua, he thought it proper to ſeek out 


a method of ſhortening: thoſe ſtudies. In another 
part of the preface he ſays, that he ſhould not have 
publiſhed this tract, but in vindication of his own re- 
putation; for he was informed that a perſon had by 


ſome means or otaer, got one of his inſtruments, 


and pretended to be the inventor, although himſelf 
had taught it ever ſince the year 1597. 


VIII. Anno 1607, Baldeſſar Capra, publiſhed 5 


treatiſe of the conſtruction and uſe of the compaſs of 
proportion, (or ſector.) He claims the invention of 
this inſtrument; and hence aroſe a diſpute between 
Galilzus and Capra; ſome particulars of which have 
been mentioned by ſeveral, and particularly by 
4 bamas Kae, oe in his life of Gallen, pub- 

liſhed 


(ix) 
liſhed at the end of the ſecond volume of his mathe- 


matical collections and tranſlations, at re in fol. 
Anno 1664. 


It appears from theſe accounts, that one games Ma- 


rius a German, who was in Padua about the year 1607, 
tranſlated into Latin, the book publiſhed the year be- 


fore by Galilzus, and cauſed his diſciple Capra to 
print it as his own : Marius dreading a proſecution, 
retired, and left Capra in the lurch, who was pro- 
ceeded againſt. At that time Galileus publiſhed an 
apology, Hntitled, ** The defence of Galilæus Galilæi, 
a Florentine pentleman, reader in the univerſity of 
Padua, againſt. the calumnies and impoſtures of Bal- 
deſſar Capra a Milaneſe, divulged againſt him as well! 
in bis confideratione aſtronomica anon the new ſtar of 


1604, as (and more notoriouſly) in lately publiſhing for 


his invention the conſtruction and uſes of the geometri- 
cal and military compaſs, under the title of Uſus & 
Fabrica circini cujuſdam propertionis, Sc.“ Galilæus 
begins with an addrefs to the reader, wherein he 
concludes, that a perſon robbed of his inventions, 
ſuffers the greateſt loſs that can be ſuſtained; becauſe 
it deſpoileth him of bonour, fame and deſerved glory :” 
He proceeds, and ſays, “ into uhis ultimate of miſeries 
and unhappineſs of condition, Baldeſſar Capra, a Mi- 
lanele, with unheard-of fraud, and unparallel'd impu- 
pudence bath endeavoured to reduce me, by lately pub- 
liſping, and. committing to the preſs my geometrical and 
military compaſs, as his proper invention, and as a pro- 
duction of bis own wit, (for ſo he calls it in the work 
itſelf) when it was I alone, that ten years fince (viz. 
Anno 1597) thought of, found and compleated the ſame, 
ſo as that no one elſe hath any ſhare in it; and I alone 
from that time forward imparted, di covered and pre- 
ſenled it unto many great princes, and other noble lords; 
and in fine, only that 1 a year ſince cauſed the operations 
thereof to be printed, and conſecrated to the glorious 
name of the moſt ſerene prince of Tuſcany, my lord. 
Of which ſaid inſtrument lbe above- named 9 
al 


(x) 
bath not only made himſelf the author, but reports me 
for its ſhameleſs uſurper, (theſe are bis very words) and 
conſequently bound to bluſh within my ſelf with extream 
confuſion, as unworthy to appear in fight of learned- and 
ingenuous men.” Galilzus then proceeds, among 
other things, to produce the atteſtations of four con- 
ſiderable perſons, ſhewing that ten years before that 


time, he had taught the uſe of the inſtrument, and 


that Capra who had for four years paſt ſeen them 
making at the workman's houſe, had never chal- 
lenged the invention as his own. 

Galilæus after this, ſays that he went to Fane ard 
laid the affair before the lords reformers of the uni- 
verſity of Padua, on the 8th of April 1607 ; at the 
fame time ſhewing them his own book, publiſhed 


June the 10th 1606; and that of Capra's, publiſhed ' 


March the 7th 1607. The lords thereupon cited 
Capra to appear before them on the 18th of April; 
the next day the cauſe was heard and the parties diſ- 
miſſed : But on the 4th of May following, their lord- 
ſhips pronounced ſentence, and ſent it to Padua to 


be put in execution; the amount of their ſentence - 


was, that having fully conſidered the affair, it ap- 
peared to them that Galilæus had been abuſed, and 
that all the remaining copies of Capra's book ſhould 
be ** brougbt before their lordſbips to be ſuppreſſed in 


ſuch faſhion as they ſhall think ft; reſerving to themſelves 


to proceed againſt” the printer and bookſeller, for the 
tranſgreſſions they. may have committed againſt the laws 


of printing ; n lle e to ve made known. uac- 
cordingiy. . 678k. N 


bed al eien ef abu lt beokimere: fine 


to Venice unto the lords reformers ; there being found 
440 with the bookſeller, and 13 with the ' author, he 


having diſtributed 30 4 them into fender ow of Eu- 


. 
IX. Anno 1610, John PIs a M. D. publiſhed 
at Frankfort, a quarto edition of two tracts of John 


Faulbaber ; one of theſe contains the uſe of the ſeFor, 


ON 


Pp 
8 


1 
3 
9 


(x) 


on which are lines of equal parts, ſuperficies, ſolids, 
metals, chords, &c. He lays, that G. Brendel, a 
painter, uſed this inſtrument in perſpective painting. 

X. D. Heurion, in his mathematical memoirs, Anno 
1612, gave a ſhort tract of the uſe of the compals of 


Proportion (or ſector.) In 1616 he printed a book of 


the uſe of the ſector ; and a fifth edition, in the year 
1637, the preface to which, ſeems to be wrote in 
the year 1626 wherein he ſays, that about the year 


1608, he had ewt in the hands of M. Alleaume, en- 


gineer to the king of France, one of theſe ſectors; 
whereupon he wrote ſome uſes of it, which he pub- 
liſhed in his memoirs, | as above. He alto declares, 


that before his firſt publication, he had not ſeen any 


book on the uſe of a ſector, and therefore calls what 
he publiſhies his own. He charges Mr. Gunter with 
having uſed many of his 1 This author 
printed at Paris 1626, an octavo book of logarithms, 
at the end of which isa, tract calPd eee or 
the proportional ruler; which is a deſcription and 
uſe of an inſtrument, he calls a lattice, ( perhaps from 
the chequer- like appearance made by lines drawn 
thereon) which operates the problems performed by 
the French ſectors very accurately. 

XI. Anno 1613, Stephen Michael. Sacks pub- 
hſhed in quarto at Vm, a treatiſe of the proportional 
rule and compaſs of C. Galgemeyer, reviſed by G. 
Brendel, a painter at Laugingen. On theſe propor- 
tional compaſſes, are lines of equal parts, of poly- 


gons, ſuperficizs, ſolids, ratio of the diameter to the 


circumference; reduction of planes, and reduction of 
ſolids. The wiſe: and conſtruction of theſe lines, are 
ſhewn by a great variety of examples. 

XII. Benjamin Bramer, in his book of he deſerip- 
tion of. the proportional ruler and parallelogram, printed 
in quarto at Marpurg, Anno 1617; ſays, his ruler 
is applicable to the lame uſes as Juſtus Burgius's in- 
ſtrument. Bramer inſtrument conſiſts of a ruler, 


on which are lines of equal parts, of ho mr of 
| ſolids, 


* 


ſolids, of regular ae of circles, of chords, and 
of equal e at the beginning of each ſcale, 
is a pinhole, whereby he can apply the edge of ano 
ther ruler, and fo conſtitute a ſector for each ſcale. 

XIII. Anno 1623, Adriano Metio Alcmariano, prin- 
ted at Amſterdam a quarto book, ſhewing the uſe of 
an inſtrument called the rule of proportion. In his 
dedication, he ſays, that whilſt he was reviewing 
ſome things relating to practical geometry, he met 
with Galilęo- s book of the uſe of the. ſector, which 
gave him opportunity to improve on it, and occa- 
tioned the publiſhing of this book. 

XIV. Mr. Etmand Gunter, profeſſor of aſtronomy 
in Greſham college, printed at London, Anno 1624, a 
quarto book, cles the deſcription and uſe of the ſec- 
ter; on which are feQoral lines, 1ſt. of equal parts ; 
2d. ſuperficies; 2d. folids'; * Ack. ſines and chords; 
5th. tangents; 6th. thumbs js 7th. ſecants : Alſo 
lateral lines of, 8th. quatratures ; th. ſegments ; 
. Toth. inſcribed bodies; 11th. equated bodies; 12th. 
metals: On the edges are 4. a line of inches and a line 
of tangents. = 
Mr. Gunter does not Ay an y thing concerning the 
invention, and has no f $i HR &; but at the end of the 
tract, in a concluſion to iche reader, he ſays, that the 
ſector was thus contrived, moſt part of the book 
written, and many copies diſperſed, more than ſixteen 
years Before, Ec. this article being written May 1, 

1623, brings the time he ſpeaks of to about the 
year 160%, which was before the time Henrion ſays 
he firſt ſaw the ſector. 

Ih be ſcales of logarithm numbers, ſines, and tan- 
cents, were firſt publiſhed in 1624, | in Gunter's de- 
ſerip tion of the croſs ſtaff. 

; Xv. Mutio Oddi of Urbino printed at Milan, An. 
633 a quarto book, called the conſtruction and uſe of 

5 th "compaſſo polimetro, (or ſector.) The lines on this 
inſtrument, were ſuch as were common at chat time: 
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He ſays in the 8 to his friend Peter Lai 
of Nurenburg, he firſt taught the uſe of it. 

In the preface, he ſays, "That about the year 1568, 
Commandine, who then taught at Urbino, did con- 
trive a pair of compaſſes with a moveable center, 
to divide right lines into equal parts; which was 
done at the requeſt of a gentleman, named Bartbo- 
lomew Euſtachio, who BEN to avoid the trouble of 
the common methods, or of being obliged to have 
many compaſſes for ſuch diviſions of right lines. 

He farther ſays, that about that time, Guidibalde, 
marqueſs of Monte, who lived at Urbino for the ſake 
of Commandinès company, being frequently at the 
houſe of Simone Boraccio, WhO made Commandine's 
proportional compaſſes, did contrive, and cauſe to be 
made, an inſtrument with flat legs, (like the ſector) 
which performed the operations of the compaſs more 
eaſily. Oddi ſays alſo, that great numbers were 
made, and in few years, had many uſeful and curious 
additions, with treatiſes written on its uſe i in diverſe 
languages, and called by different names; which 
occaſioned, the doubt of who was the true "author; 
every one haying found means to ſupport his cauſe : 
But Odd; ſays, he not intending to decide the diſpute, 
leaves it to time to diſcover; and ſeems contented 
to have pointed out, probably, the inventor.z his 
chief intention being that of making the uſe public, 
and the conſtruction eaſy to workmen. 

The following authors have alſo wrote on the 
ſector, and ſectoral lines. . 

XVI. Anno 1634, P. Petit, 1 in 2 5 at 
Paris, a treatiſe on the ſector. He thinks Galileus 
was the inventor, _ 

XVII. Anu. 16: 35.4 Matthias Berxeggerus printed 
at Straſburg, a 4to. edition of Galilæus's book on the 
ſector, which conſiſts of two parts: To this is added 
a third part, ſhewing the conſtruction of Galileus's 
lines, and ſome additional uſes and tables. 


XVIII. 4. 1639, Nicholas Foreſt * printed 
at 


1 
7 * 
4 


(xi) 
| 2-4: Parts in 12m0./ a book of the ſector. He ſeems 
' to be little more than a copier of Henrion. 8 5 


XIX. An. 1645, Bettinus in his Apiaria univer a, 
&c. apiar. 3d. op 9s and 1. 12, 3 +. i Us 


T4 


* 8 


den, in folio, bis 1200 on the 125 Hor. 7 425 that 
Galilens was the firſt Who publiſhed the deſcription 
of the ſector, an invention Fafeful in all parts of the 
mathematics, and ther affairs of life. . 

XXII. John Co 0 1 rinted. at London, 1 in 4c. his 
book of the 1 07 - 4 quatrant, an. 1639. 

XXIII. Pietro R 5 in his 8 66 Sis, 
in 4to.' printed at Milan, 4. 1 16 230, applies 
the feet to the. LD of EIS F Y 75 

XXIV. Au. 1662, G4 Par. Pa, printed at 
Straſburgh his mathe « ce area, in which he 

ves a eſcription and uſe of the ſecte 05 ane the pre- 
Fre he mentions Galileo 4s the 1 inventor of the ſector. 

XXV. J. Templar printed ih 12mo. at London, 
an. 1667, a book called '7he ſemicercle on a ſector. 
He fays, the applying of Mr. Forſter's line of yerſed 
fines to the ſector, was' firſt publiſhed an. 1669, by 
John Brown, mathematical inſtrument maker in 
London. 

XXVI. Daniel Schꝛenter in his practical geometry, 
reviſed and augmented by George Andrew Bocklern, 
printed in 4to. at Nuremberg, an. 1667 72 treats on 
the deſcription and uſe of the ſector. 

XXVII. John C. aramuel printed at Campatia, an. 
1670, his matbęſis nova, in 2 vols. folio. | In the ad. 
vol. p. 1158, he treats on the ſector, relates the con- 
teſt between Galileus and Capra, and thinks the ſame 
might have been objected againſt others, as well as 
againſt Capra He alſo — chat Clavius had ſuch 


an 


3 
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an inſtrument before that of Galileus appeared ; and 
Clavius having taught for a long time at Rome, had 
many ſcholars, ſome 'of whom might have carried 
his inſtrutnents'to. ſeveral countries. Caramuel men- 
tions a ſtory of a Hollander ſhewing to Galileus an 
inſtrument of this ſort, that he had brought from his 
country, and of which Galileus took a copy. | 

XX VIII. John Brown, in his book on the triangular 
quadrant, printed in Bvo, at London, an. 1671, treats 
on the ſector. | 

XXIX. And fo does Fobn Chriſtopher Roblhans, 
in his math. and optical curiofities, printed in 4t0. at 
Leipſic, an. 1677, p. 216. | 

XXX. An. 1683, Staniſlowa. Solſtiego printed a at 
Kracow, .his geometria et architectura Polſki, in folio. 
p- 69, treats on ſome ſectoral lines. 

XXXI. Henrick Faſper, Nis, printed at 7 en 
in Ato. his Refrangulum cathelii cum , geometrico aſtrono- 
lions an. 1686, treats all 9 on che · ſecto. 

XXXII. De Chales, in his. cur/us mathem. printed 
at Leyden, in 2 vols. fol. an. 1690. Vol, 2d. p. 58, 
relates the conteſt between Galilaus and Capra, and 
aſcribes the invention of the Fre mel compaſs to 
Dr. Horſcher, or Juſtus Burgi. 

XXXIII. An. 1691, an c = kg in 8vo. of Mr.Oza- 
nam's treatiſe of the ſector, was printed at the Hague. 

XXXIV, P. Heſte printed at Paris his courſe of 
mathematics, in 3 vols. 8 vo. an. 1692. In vol, 2d. 
p- 27. he gives a tract on the ſector. 

XXXV. Thomas Allingham gave a ſhort treatiſe on 
the ſeftor,- in 4to. London, 1698. 5 

XXXVI. J. Good, publiſhed a nents on the ſellor 
in 12 mo. London, 1713. 

XXXVII. Chriſtian Wolfus, | in his math. Jonicon; 
8vo. printed at Leipfic, an. 1716, under the word 
circinus proportionum, relates, that Levinus Hulfius, 
in his treatiſe on the proportional compaſſes, printed 
at Frankfort the 1oth of May 1603, ſays, that he 
brit law the ſaid a at Ratiſbon, on the day 
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of the imperial dyet: That he had fold them far and 


near before. 1603 3. and that it had been inaccurately 
copied in ſeveral places: Wolfius: ſays. farther, that 


Fuſtus Burgius was certainly the Inventor, but uſed 8 


to let his inventions lye unpubliſned. 5 

He then relates the conteſt between Galileus ik 
Capra, and-ends with- ſhewing the difference berween 
the inſtruments of Bargius:and Galilcus. 


XXXVIII. M. Bion, in his conſtruction of ate | 


matical inſtruments, tranſlated by Edmuxd. Stone, fol. 
London, 1723, treats of the ſector. 


XXXIX. And ſa does Mr. Belidor, io-his ws 


courſe of maih. in 4to, p. 364. Paris, 1726. 

XL. Alſo: Roger Rea, in his /effor and plane ſeale 
compar ed, 8vO. London, K, 2d edition. 

X LI. And Vincent Toſom, in his compendium of the 
wath, in 9 vols. &yo, Madrid: 1727, vol. I. p.. 359. 


XLII. Jacob e in his theatrum arithmetiro- 


geometricum, in fol. Leipfc, 1727. p. 86, gives a de- 
tail of the inventors of the Proportional compaſſes 


and ſector, which goes on top. 12, and then he 
gives. a liſt of the authors who have wrote.on propor- 


tional inſtruments, viz. Bramer, 1617; Capra, 16075; 


Caſati, 1664.3 Conette, 1626-3 Dechalis, 1690; Dol, 
1618; Faulbaber, 16103 Galgeueyer, 1645; Bren- 


dell, +Gke = Galikeus, 16123 Goldman, 1636 Horf- 
ther 16053: Horen, 16059 Huafus, 1604; Clavius, 


1616 Locmann, I BAA AMAelius, 16273 ;: Patridge—; 
de Saxonica, 1619; Scheffelts, 1697 * breymann, 16243 


Uttenhaffers, 1626. ES SN ann: $f 
XLIII. Samuel. Crs; publiſhed his mew: treatiſe 
01..the ſeftor, 8vOo. London, 1 729. Tos er a. 


XLIV. Villiam Welter, in his rappendin o a 


aranſlation. of :P.:Hoſf's mathematics, vo. 2 vols. 
Ee, 1730, treats of the ſector:: : . 


-,.. There may he ſeveral other authors vai have wrote 
on the conſtruction and uſe of the ſector, or on ſome 


of the ſectoral lines; but thoſe above, are all that 
have come to hand; and indeed theſe are many 1 
| than 


(xvii 


than are wanted to determine this enquiry; which 
may be collected chiefly, from Mordente, Speckle, Hood, 
Clavius, Hulſius, Galilæus, Oddi, Saluſbury, Caramuel, 
Dechales, Wolſius, and Leupold; the others ſerving 
only to inform the reader what works are extant on 
this ſubject. From the whole he may obſerve, that 
there are few countries in Europe, but have one or 
more treatiſes on the proportional compaſſes and 
ſector, in their own language; and this is ſufficient 
to ſhew, that theſe inſtruments have been in univer- 
ſal eſteem. e | 9 
As the publication of Mordente's book was in 1584, 
it is not improbable, as Caramuel relates, that a Hol- 
lander (or one from the neighbourhood of Antwerp ) 
might ſnew one of Mordentè s inſtruments to Gali- 
Leus : Neither is 1t-1mprobable that Galilæus had ſeen 
both Mordente's and Speckle's books, the former ha- 
ving been publiſhed thirteen years, and the latter 
eight years, before Galilæus, by his own accounts, 
thought of his inſtrument; | 
As Mutio'Odd: was a native of Urbino, and from 
what he ſays in his dedication; it is not improbable 
but he was acquainted with one or more of the per- 
ſons he mentions in his preface, or at leaſt with ſome 
of their acquaintance, from whom he might gather 
the particulars he relates; to which, if any credit 
may be given, Commandine was the inventor of the 
proportional compaſſes, and Guidobaldo of the ſector: 
And in the intercourſe between Italy and Germany, 
ſome of Simone Borrachio's work might get into the 
hands of many ingenious Germans, and give Juſtus 
Burgius, to whom the proportional compaſs is uſually 
aſcribed, opportunity of getting an early copy; and 
alſo put into Speckle's way, the inſtrument he men- 
tions to, have ſeen: His deſcription pretty nearly 
agreeing with what Oddi ſays was contrived by Guido- 
ala, | 10 | F es 
But while we are ſearching among foreigners for 
the inventor of the ſector, what are we to think of 
ö our 
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dur countryman Dr. Hood ? who in 1598 publiſhed 
his account of an inſtrument which he really calls a 


ſeQtor: And though we ſhould allow that Hood as 


well as Galilzus might have ſeen Mordente's and 


_ Speckle's books; and both of them might have ſeen 
ſome of Borrachio's work, yet it is not very pro- 
bable that Hood could have got the form of his in- 


ſtrument from Ga#leus the year after he thought of 
it; and as Hood publiſhed eight years before Galilæus, 
Hoed certainly has an equal right with Galilæus, if not 


aà greater, to the honour of the 1 invention of the ſector. 


After all it may be ſaid, that it is not impoſſible 


for the ſame thing to be dico verb by different per- 


ſons who have no connexion with one another; ex- 
amples of a like coincidence of thoughts being 
known on other ſubje&g» Perhaps, Hood, Galilæus, 
and ſome others, who have already been mentioned, 
did no more than add one or more lines to an Inſtru- 


ment then known; and wrote the Treatiſes under 


their name from their own ſkill in the Mathematical 
Sciences : So that a diſtinction is to be made be- 
tween the Inventor of the Inſtrument, and of the 
original Authors who wrote dn their 1 even : though 
improved by ſome additional line. 

To the ſecond impreſſion of this work: was added 
an Appendix on the gunners callipers, as promifed 
in the firſt, beſide ſeveral improvements in different 


parts of the Treatiſe : this third publication has alſo 


many additions, as well in the body ef the book, as 
in the Appendix; therefore it is conceived that by 


theſe Or the Yook i is now rendered more | 


. uſeful. . dec N NV 
What is done in As Faxego In g efluy;' and in the 
following work, is ſabmninied. to the reader's judg- 
ment; the author intending no more than to have the 
honour of invention aſcribed to whom it is due; and 


alſo to give ſome aſſiſtance to beginners i in the mathe. 
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4 PORTABLE COLL EC TION, 


Of the moſt TR 


Mathematical f Inſtruments . 
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(As Es of Mathematical 1 are 
of various ſorts and ſizes; and frequently 
conſiſt of ſuch articles only as ſuit the fancy 


or occaſion of the perſons who buy them: Sce 
the plate fronting the title page: 


Tax ſmalleſt collection put into a caſe, com- 


monluy conſiſts of, 


I. A flat ruler or plane ſcale, having ſcales of 
equal parts on it. 

II. A pair of compaſſes, one of whoſe points may 
be taken off, and its place ſupplied, either with 

A crayon for lead or chalks ; or 

A drawing-pen for ink. 

Wirn theſe inſtrüments only, a tolerable ſhift 


may be made to draw moſt mathematical figures. 
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2 The Deſeription and Uſe 
But in ſets, called complete pocket-caſes, beſide the | 


inſtruments above, are the following : 

III. A ſmaller pair of compaſſes. 

IV. A pair of bows. 

V. A black: lead pencil, with a cap and feeder: 

VI. A drawing-pen with a r pin. 

VII. A protractor. 

VIII. A parallel ruler. 

IX. A ſeckor. 

In ſome caſes, the plane ſcale, protractor, and 
paralle]-ruler, are included in one inſtrument. 

Tre common, and moſt eſteemed ſize of theſe 
inſtruments, is fix inches, reckoned by the length 
of the ſcale ; though they are often made of other 
ſizes, and particularly of tour inches and a halt, to 
tuit the pocket. 

Sou artiſts have contrived a very commodious 
flat gafe, or box, where the inſide of the lid, or top, 
contains the rulers and feales : The compalſes, 


drawing- pen, Oc. lie in the partitions of an open 


box, that drops into the bottom part of the caſe, 
but not quite to the bottom; 


cells, &c. and beſide the inſtruments already enu- 
merated, in boxes or caſes of this ſort are put 

X. A tracing: point. 

XI. A pair of proportional compaſſes. 

XII. A gunner's callipers. 

Tux caſe of inſtruments ealled the magazine, is 
indeed the molt complete collection; for this con- 


tains whatever can be of uſe in the practice of 


erawing, deſigning, &c. but as many of theſe inſtru- 
ments are icarcely ever uſed but in the ſtudies or 
chambers of thoſe who have occaſion: for them; 
therefore the deſcription and uſe of the more 
common inſtruments put into pocket caſes, will be 
here 1 treated on. 
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Ser. H. 
Of the ComPassEs and Bows. 


OMPASSES are uſually made of ſilver or 
A braſs, and thoſe are reckoned the beſt, part of 
whole joint is ſteel; and where the pin or axle on 
which the joint turns, is a ſteel ſcrew ; for the oppo- 
ſition of the metals makes them wear more equable : 
and by means of the ſcrew axle, with the help of a 
turn-ſcrew, (which ſhould have a place in the cale) 
the compaſſes can be made to move in the joint, 
ſtiffer or eaſier, at pleaſure. If this motion is not 
uniformly ſmooth, it renders the inſtrument leſs accu- 
rate in uſe, Their points ſhould be of ſteel, and 
pretty well hardened, elſe in taking meaſures off the 


ſcales, they will bend, or be ſoon blunted. They 


alſo ſhould be well poliſhed, whereby they wall be 


þ { preſerved free from ruſt a long time. 


To one leg of the ſmaller compaſſes, it is com- 


mon to fix in the ſhank a ſpring, which by means of 
a ſcrew, moves the point; ſo that when the compaſs 
is opened nearly to a required diſtance, by the help 

of the {crew the points may be ſet exactly to that dit- 
tance; which cannot be done fo well by the motion 
in the joint. e 


To uſe the ſpring point. 

Hor p the compaſſes in the left hand with the ſcrew 
turned towards the right; turn the ſcrew towards 
you, or flacken it, and the ſpring point will be 
brought nearer to the other point: On the contrary, 
by turning the ſcrew from you, or tightning it, the 


ſpring point will be ſet farther from the other point. 


THz uſe of theſe leſſer compaſſes, is to transfer the 
meaſures of diſtances from one place to another; or, 


to deſcribe obſcure arcs, Do : 


Ss -- -.Op 
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Or the large ſized compaſſes, thoſe are eſteemed 
the beſt, whoſe maveable points are locked in by a 
ſpring and catch fixed in the ſhank ; for if this ſpring 
be well effected, the point is thereby kept tight and 

teady ; the contrary of which frequently happens, 
when the point is kept in by a ſcrew in the ſhank. 

THz ule of theſe compaſſes is to deſcribe arcs or 
circumferences of circles with given radius's : and it 
1s ealy to conceive, that theſe arcs or circumferences 
can be deſcribed, either obſcurely by the ſteel point; 
in ink, by the ink-point ; in black-lead or chalks, 
by the crayon ; and with dots, by the dotting-whee] ; 
for either of them may be fixed in the ſhank in the 
place of the ſteel point. 

As the dotting-wheel has not hitherto been effect- 
ed, ſo as to deſcribe dotted lines or arcs, with any 


tolerable | degree of accuracy, it ſeems therefore to 


be uſeleſs : and, indeed, dotted lines of any kind are 
much better made by the drawing- pen. 

THz drawing: pen point, and crayon, have gene- 
rally (in the beſt ſort of caſes) a ſocket fitted to 
them: ſo that they occupy but one of the holes, or 


partitions, in the caſe. See the plate fronting the 


title page. 
THe ink, and crayon points, Geer a joint in them, 
uſt under that part which locks into the thank of the 
compaſſes ; becauſe the part below the joint ſhould 
ſtand perpendicular to the plane on which the lines 
are deſcribed, when the compaſs is opened. 
Ir inſtead of the larger compals being made with 
ſhifring points, there were two pair put into the 
caſe; to one of which the ink point was fixed, and 
to the other the crayon point; this would ſave the 
trouble of changing the points in the compaſs at 
every time they were uſed ; and would increaſe the 
expence, or bulk of the caſe, but a trifle. 
Tur crayon point, ſuch as has been in common 
uſe, will admit only fo ſhort a piece of black lead 
pencil, 
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pencil, as to be ſoon worn out, and thereby occaſion 
much trouble : to avoid this, the artificers have for 
ſome years paſt, contrived this point ſo, as that a 
whole pencil may be apphed to it; which 1s done 
by a ſocket open at both ends, with a ſpring fo as to 
hold firmly a pencil of different ſizes. This ſocket 
by a ſhort arm annexed, holds the pencil in a parallel 
poſition to the ſhank of the compaſſes; and may be 
uted either as a ſhifting point, or fixed to a pair of 
compaſſes; neither way will much increaſe the price 
or ſize of the caſe. | 7 
ANOTHER contrivance has been lately made to 
deſcribe arcs or circles, with a radius of about double 
the length which the compaſſes of themſelves could 
deſcribe : this is effected by the addition of a ſtrait 
piece, one end of which receives the crayon or ink 
point, and the other end ſhips into the ſhank of the 
compaſſes; ſo that one leg, by this apparatus, be- 
comes about double the length of the other leg. A 
hole is left in the caſe to hold this additional piece. 


Mosr perſons at firſt, handle a pair of compaſſes 
but aukwardly, whether in the taking of diſtances 


between the points, or in deſcribing ot circles. Long 


practice indeed brings on eaſy habits in the ule of 
things, however a caution or two may be ſerviceable 
to beginners. | 


To open and work the compaſſes. 


Wirz the thumb and middle finger of the right 
hand pinch the compaſſes in the hollow part of the 
ſhank, and it will open a little way ; then the third 
finger being applied to the inſide of the neareſt leg, 


and the nail of the middle finger acting againſt the 


fartheſt, will open the compaſſes far enough to intro- 
duce the fingers between the legs : then the hither 
one being held by the thumb and third finger, the 
farther leg may-be moved forwards and backwards 
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6 The Deſeription and Uſe 
very eaſily by the fore and middle fingers, the fore 


finger preſſing on the outſide to ſhut, and the middle 


one acting on the inſide to open, the compaſſes to 
any deſired extent. In this manner, the compaſſes 
are manageable with one hand, which is convenient 


when the other hand is holding a ruler, or other i in- 


ſtrument. 


To take a diſtance between the points of the compaſſes. 


Hor. the compaſſes upright, ſet one point on one 
end of the diſtance to be taken, there let it reſt; and 
(as before ſhewn) extend the other point to the other 
end. 

Al was take care to avoid working the compaſſes 
with both hands at once; and never uſe them other 
wiſe than nearly upright. 


To o deſcribe circles or arcs with the compaſſes. 


Ser one foot of the compaſſes on the point de- 
ſigned for the center, hold the head between the 


thumb and middle finger, and let the fore finger reſt 


on the head, but not to preſs it: then by rolling the 
head between the finger and thumb, and at the ſame 
time touching the paper with the other point, a 
circle or arc may be deſcribed with great eaſe, either 
in lead or ink. 

In deſcribing of arcs it ſhould be obſerved, that 
the paper be not preſſed at the center, or under the 


foot, with more weight than that of the compaſſes; 


for thereby the great holes and blots may be avoided, 
which too frequently deface figures when they are 


made by thoſe who are aukward or careleſs in the uſe 


of their inſtruments. 


Of 
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Of the Bows. 


The bows are a ſmall ſort of compaſſes, that com- 
monly ſhut into a hoop, which ſerves as a handle to 
them. Their uſe is to deſcribe arcs, or the circum- 
ferences of circles, whole radius's are very ſmall, and 
could not be done near ſo well by larger compaſles. 


See the plate fronting the title page. 
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| Of the Black-lead Pencil, Feeder, and Tracin 2 
1 Point. | 


\ HE Black-lead Pe is uſeful to deſcribe the 
| firſt draught of a drawing, before 1t is marked 
with ink ; becauſe any falſe ſtrokes, or ſuperfluous 


e. lines, may be rubb'd out with a handkerchief or piece 
he of bread. 2 

t Tas Feeder is a thin flat piece of metal, and is 
he ſometimes fixed to a cap that ſlips on the top of the 
ne pencil, and ſerves either to put ink between the 
4 blades of the drawing- pen, or to paſs between the 
er Points, when the ink by drying, does not flow 

freely. 

at Tat Tracing Point is a pointed piece of ſteel ; and 
he commonly has the feeder fixed to the other end of 


the handle. Its uſe, is to mark out the outlines of a 
d. drawing or print when an exact copy thereof is want- 
re ed, which may be done as follows: 

On a piece of paper, large enough to cover the 
thing to be copied, let there be ſtrewa the ſcrapings 
of red chalk, or of black chalk, or of black lead; rub 
theſe on the paper, ſo that it be uniformly covered; 
and wipe off, with a piece of muſlin, as much as will 
5 B 4 | come 
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come away with gentle rubbing. Lay the coloured 
ſide of this paper, next to the vellum, paper, &c. on 


Which the drawing is to be made: on the clean ſide 
of the coloured paper, lay the drawing, Sc. to be 


copied. Secure all the corners with weights, or 


pins, that the papers may not flip: trace the lines 


of the thing to be copied, with the racing point; and 
the lines ſo traced will from the coloured paper be 
impreſs'd on the clean paper. 

Ab thus, with care, may a drawing or print, be 
copied without being much damaged. 

The coloured Paper will lerve a great many 
times. ä 
THERE is not l a more uſeful inſtrument in 
being, for ready ſervice in making of ſketches or 
finiſhed plans; whether of architecture, fortification, 


machines, landſkips, ornaments, Cc. than a black- 1 
lead pencil; and therefore it may be proper to give 


a few hints concerning this excellent mineral. 
BLACK-LEAD is produced i in many countries, but 
the beſt yet diſcovered is found in the north of Eng- 
land: it is dug out of the ground in lumps, and 
ſawed out into ſcantlings proper for ule : the 
kinds moſt proper to uſe on paper muft be of an 


uniform texture, which is diſcoverable by paring a 


piece to a point with a penknife; for if it cuts ſmooth 


and free from hard flinty particles, and will bear a 


fine point, it may be pronounced good. 
THERE are three forts of good black- lead; the 


Toft, the midling, and the hard: the ſoft is fitteſt for 
taking of rough ſketches, the midling for drawing of 


landſkips and ornaments, and the hard for drawing of 
lines in mathematical figures, fortification, archi- 


tecture, Sc. The indifferent kinds, or thoſe which in 


cutting are found flinty, are uſeful enough to carpen- 
ters or ſuch artificers who draw lines on 1 wood, &c. 
TE beſt way of fitting black- lead for uſe, is firſt 


to ſaw it into long ſlips about the ſize of a crow- 


quill, 


E | of Mathematical Inſtruments. 9 
ed 4 quill, and then fix it in a caſe of ſoft wood, generally 
on FF cedar, of about the ſize of a gooſe-quill, or larger; 
de and this caſe or wood is cut away with the lead as it 
be is uſed. 

be Of the Drawing-Pen, and Protracting-Pin. 


be H E Drawing-pen is an inftrument uſed only 


3 for drawing of ſtraight lines; and conſiſts of 
ny two blades, with ſteel points, fixed to a handle: the 
blades by being a little bent, cauſe the ſteel points 
in 2X to come nearly together; but by means of a {crew 


or paſſing through both of them, they are brought 
Xx cloſer at pleaſure, as the line to be drawn ſhould be 
ſtronger or fine. | 
I ung this inſtrument, put the ink between the 
| blades with a common pen, or with the feeder ; and 
| (by the ſcrew) bring them to a proper diſtance for 
| drawing the intended line: hold the per a little in- 
2X clined, but ſo that both blades touch the paper, and 
* preſſing them lightly againſt the edge of the ruler ; 
a line may be drawn very ſmooth, and of equal 
XX breadth, which could not be done ſo well with a com- 
mon per. | 
BrrokE the drawing-pen is put into the caſe, 
the ink ſhould be wiped from between the blades 
otherwiſe they will ſoon ruſt and ſpoil, eſpecially with 
common ink : and that they may be cleaned eaſily, 
one of the blades ſhould move on a joint. : 
Tae directions given about this drawing-pen, will 
ſerve for the drawing-pen point, uſed with the com- 
paſſes. But it muſt be obſerved, that when any arc 
or circle is deſcribed of more than an inch radius, 
then the ink point ſhould be bent in the joint, fo that 
ot the blades of the pen ſtanding perpendicular, both 
| OT of 
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of them may touch the paper, otherwiſe the arc de- 
ſcribed will not be ſmooth. 

Trnz Protradting-pin is a piece of pointed ſteel 
(like the point of a needle) fixed into one end of a 
part of the handle of the drawing-pen ; into the other 
Part, the piece with the pin in it, generally ſcrews, 
Its uſe is to point out the interſections of lines; and 
to mark off the diviſions of the protractor, as here- 
after directed. 

SomeTIMEs on the top of the drawing-pen is a 


ſocket, into which a piece of black- lead pencil may 
be put. | 


10 


SECT. V. 


of the PARAL LE L-RULER. 


HJS inſtrument 3 of two flat Ruters, 
connected rogether by metal bars, moving 
eaſily round the rivets which faſten their ends. 
In the firſt fort, are two bars ſo placed that both have 
the ſame inclination to each Ruler, to which they 
are fixed ; whereby the edges of the rulers will be 
Parallel at every diſtance, to which the bars will ſut- 
fer them to receed. 

A. ſecond ſort of Parallel-Rulers have their bars to 
croſs each other, and turn on a joint at their inter- 
ſection; one end of each bar moving on a center, 
and the other end fliding in a groove 2s the Rulers 
receed. 

Third fort conſiſts of two equal flat rulers, a middle 
piece, and four equal metal bars. 

ONE end of each of two of the bars, is rivetted 
on the middle line of one ruler; and of the other 
two bars, the ends are alike fixed to the other ruler; 
the rivetts on each ruler being directly oppoſite: — 

Other 
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other ends of the bars, are taken together two and two, 
and rivetted on the middle line of the middle piece; 
ſo that each adjacent two bars ſtand in the form 
of > when the rulers are cloſe; and this obliquity gives 
the liberty of the rulers being moved aſunder. 


This kind of parallel-ruler firſt appeared in the 
London ſhops about the year 1760. 
Fourth ſort, called the rolling Parallel-Ruler. This 


s a ſingle flat ruler, which by the means of two rollers 
fixed to it, is moved in a direction parallel to itſelf. 


Thx centers of the rollers lie in the middle line of 


the ruler, near its ends; their circumferences project 
a little below the under ſide of the ruler, fo as juſt 
to keep it free from the paper along which the rol- 
lers move; and being indented, contribute to pre- 
vent their ſliding on the paper. 


A $CALE of equal parts being fitted to the edge 


of the Ruler, fits the inſtrument for the practical ſo- 
lution of ſome problems. 


THr1s Ruler was contrived a few years ſince by a 


A Dutch gentleman, A. George Eckhard, F. R. S. who 
thought it worth the expence of a patent, which he 
has transferred to Meſſrs. Dollonds, opticians. 


Taz Parallel Ruler is very uſeful in delineating 


civil and military architecture, where there are many 
Parallel lines to be drawn; and alſo in the ſolution 


\ 


of ſeveral geometrical Problems; ſome of which are 


the following. 8 
PROBLEM I. 


A right line Ry being given, to draw a line parallel 


thereto, that ſhall paſs through a given point © (Fig. 1. 


PI. IV.) | 
ConsTRucTion. Apply one edge of the parallel- 
ruler to the given line a B; preſs one ruler tight againſt 
the paper, and move the other until its edge cuts 
the point o; there ſtay that ruler, and by its edge 
- „5 draw 
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poſed number of equal parts; ſuppoſe 5. (Fig. 2.) 
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draw a line through c, then this line will be parallel 1 
to A B. I 
Ir the point c happens to be farther from the line 
AB, than the rulers will open to; ſtay that ruler near- 
eſt to c, and bring the other cloſe to it, where let the 
latter reſt, and move forward the 7aler neareſt to c, 


and ſo continue till one ruler is brought to che point 
intended. 


Tux rolling pa- -allel-ruler performs this problem 
more readily. 


Txz manner of uſing the parallel. ruler as here di- 
rected, is underſtood to be the ſame in the ſolution 
of the following PROBLEMS. 


PROBLE M II. 


A right line AB being given, to Grids it into any pro 


CONSTRUCTION. Draw the indefinite right line, 
BC, ſo as to make with A B, any angle at pleaſure; 
with any convenient opening of the compaſſes, lay 


off on Bc, the required number of equal parts, by 


turning the points of the compaſſes over and over, ſo 
many times, viz. I, 2, 3, 4, 53 lay the edge of the 
Parallel-ruler by the points 5 and a, and parallel 
thereto, through the points 4, 3, 2, 1, draw lines; 
then AB, by the interſection of thoſe lines will be 
divided into 5 equal parts. 

Tux number of equal parts being laid on B c, from 
a ſcale of equal parts on the edge of the ruler; the 


diviſions on AB _ be obtained without mo com- 


. 


PROBLEM III. 


An rig bt lined quadrangle, or pohgon, being given, | 3 | 
70 make a bt lined triangle of equal area. I 
1 ExAM. 
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Ex Af. I. To make 0 triangle of equal area to the 
guadrilateral appc. (Fig. 3.) | 

Cons TRUCTION. Proſong AB; draw CB: ; and 
through p, draw De parallel to cv, cutting ax in E; 
then a line drawn from © to E forme the triangle ACE) 
of equal area to the quadrangle Ae. 


Exam, II. Given the pentagon ABCDE ; Yequir'd to 
make a triangle of equal area. (Fig. 4.) 

ConsTRucT10N. Produce Dc towards ; draw Ac; 
through B, and parallel to ac, draw By cutting Dc in 
F z and draw ar. Then the area of the trapezium 
AFDE will be equal to the area of the pentagon ABCDE. 

Again. Produce Ep towards G; draw Ap; through 
r, draw Fc parallel to Ap, and draw ac. Then the 
area of the triangle ace, will be equal to that of the 
trapezium AFDE 3 and conſequently, to that of the 
pentagon ABCDE. 


EXAM, UI. T 0 make a triangle equal i in area to the 
Hexagon, ABCDEF. (Fig. 5.) 

CONSTRUCTION. Draw FD, and parallel thereto, 
through x, draw EG meeting op produced in o, and 
draw or. Then the triangle pop is equal to the tri- 
angle ED, and the given Hexagon is reduced to the 
Pentagon ABCGF equal in area. 

Again. Draw àd; through r, draw FH parallel to 
AG, meeting CG produced i in H; draw AH, and the 
Pentagon is reduced to the trapezium ABCH, 

Laſtly, Draw ac, and parallel thereto, through #, 
draw HI, meeting BC produced i in 1, and draw AI. 
Then the trapezium is reduced to the triangle apr, 
which is equal 1 in area to the given Hexagon ABCDEF. 


Exam. IV. Given the nine ff ded figure ABCDEFGHT, 

to make a triangle of equal area. (Fig. 6.) 
 Consrrvertion. itt, Draw 12, and through 4 
draw Ak parallel to 1B, — EI produced in E, 
and 
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and draw BK ; ſo the three ſides rr, 14, AB, are re- 


duced to the two ſides Hk, KB. 
2d, Draw «xc, and through s draw Bl., parallel to 
KC, meeting CD in L; draw KL, and the three ſides 
Dc, CB, BK, are reduced to the two ſides DL, LK. 

3d, Draw Ke; through h, draw HM, parallel to 


Eq, meeting or in M, and draw KM; ſo the three 


ſides KH, HG, GF, are reduced to the lides KM, and 
MF. 

4th, Draw kr; through M, 3 MN, parallel to 
Kk, meeting FE in , and draw kx; ſo the three 
ſides KM, Mr, FE, are reduced to two ſides KN, NE. 

5th, Draw LN, and through k, draw ko, parallel 
to LN, meeting EF produced in o, and draw Lo; fo 
the three ſides EN, NR, KL, are reduced to the two 
ſides Eo, OL. | 

Lafily, Draw 1x, and through p, draw pr parallel 


to LE, meeting oꝝ produced in 2, and draw I; fo 


ſhall the triangle op be equal in area to the given 
nine ſided figure. 


PRoctEDING in the ſame manner; a a figure of any 


number of ſides may be reduced to a triangle of __ 


area. 


G 


Of the PROTRACTOR. 


H E. Protractor, is an inſtrument of a ſemicir- 
cular form; being terminated by a right line 
repreſenting the diameter of a circle, and a curve' 
line of half the circumference, of the ſame circle. 
As at Fig. 7. Pl. IV. The point c, (the middle of 


AB) is the center of the ſemicircumference ADB, 


which ſemicircumference is divided into 180 equal 
parts called degrees; and for the convenience of 


reckoning both ways, is numbered from the left hand 


towards the right, and from the right hand towards 


the 
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the left, with 10, 20, 30, 40, &c. to 180, being the 
half of 360, the degrees in a whole circumference. 
Ihe uſe of this inſtrument is to protract, or lay down 
an angle of any number of degrees, and to find the 
number of degrees contained in any given angle. 

Bor this inſtrument is made much more commo- 
dious, by transferring the diviſions on the ſemicir- 
cumference, to the edge of a ruler, whoſe ſide Ex is 
$S parallel to aB; (fee F ig. 7.) which is done by laying 
a ruler on the center c, and the ſeveral diviſions on 
the ſemicircumference aps, and marking the inter- 
ſections of that ruler on the line Er, which may eaſily 
be conceived by obſerving the lines drawn from the 
center c to the diviſions 90, 60, 20; ſo that a ruler 
with theſe diviſions marked on 3 of its ſides and 
numbered both ways, as in the Protrafor, (the 
fourth or blank fide repreſenting the diameter of 
the circle) is of the ſame uſe as a Protrador, and is 
much better adapted to a pocket caſe. 
| Thar ſide of the inſtrument on which the divi- 
ſions are marked, is called the graduated fide, or limb 
of the inſtrument, which ſhould be ſloped away to an 
edge, whereby the diviſions on the limb will be much 
eaſier pointed off, 
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PROBLEM IV. 


= A number of degrees being given; to protract, or lay 
= down an angle whoſe meaſure ſhall be equal therets. 
2X And on angle being protracted, er laid down, to find 
vat number of degrees meaſures that angle. 


= Exan.1. To draw 4 line from the point a, that 

hall make an angle with the line az of 48 deg. Fig. 8. 
„ . CR | 

—qI  AeeLy the blank edge of the protractor to the line 

3 43, fo that the, middle or center thereof (which is 

always marked) may fall on the point 4; then with 

TI, the 
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the protracting- pin, make a mark on the paper 


againſt the diviſion on the limb of the inſtrument 
numbered with the degrees given; (ſuppoſe 48.) 


counting from the right hand towards the left; a 
line drawn from a, through the ſaid mark, as Ac, 
ſball with as, form the angle required, viz. 48 de- 


grees. 

Ir the line had been to make an angle with as, at 
the point B; then the center muſt have been laid on 
B, and the diviſions counted from the left 1 to- 


wards the e 


- Exam. I. Tofind the number of degrees which mea- 
0 the angle apc. Fig. . 
Appl the blank edge of the protractor to the line 


AB fo that the center ſhall fall on the point B; then 
will the line Bc cut the limb of the inſtrument in the 
number expreſſing the degrees that meaſure the given 


angle; which in this example is 125 degrees, count- 


| = from the left hand towards the right. 


PROBLEM Tc 


3 any given point à, in a "OY AB, 10 rom a line 
perpendicular to to AB. Fi ig. 10. 


Lax the protractor acroſs the line a» in ſuch a a 
manner that the center on the blank edge, and the 
diviſion numbered with go, on the limb, may both. be 


cut by the given line ; then keeping the ruler in this 


poſition, fide it along the line, till one of theſe points 4 


touch the given point a, draw the line ca, and it will 
be perpendicular to AB. 

Ix the ſame manner, a line may be m perpen- 
dicular to a given line from a given point out of that 
line. | | 
To do this by the rolling parallel-ruler. 3 25 
Lax the edge of the ruler to the line as, fo that one 


of its diviſions on the edge touches the point 4; 


then 
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per hen the ruler rolled to Gs! diſtance. make a point 
8 1 to touch the lame diviſion; a right line drawn from 
8.) nis point t to 45 Wl be che perpendicular required. 
4 = 5 
— ETA BL E, ien the ks at 1 Ps 
| and Circumferences of regular Polygons from 
at three to twelve Sides inc lis roe. 8 8 
on CC 
to- 7 155 eee I 
Names, lee C angle at Cir, i 
| 8 1 N i 13 
ea- 2 Trigon n oc 120? oo | '60® o0' 3 
1 Square 1 44 99 oo 90 o N 
hen Pentagon. || 5| 72.,00..|108 00. , 
the Hexagon | 6} 60 O 120 oo. | 
ven Heptagon 7 51 257 128 347 
nt- Octagon 2 12 8. 45 30: < 1-I'9 5 00 . 
Nonagon f 9 40 00 14 oo 
= Decagon [16] 3 6 OO 11 44 0 = 5 JI 
Endecagon [11] 32 437+ [147 16 
5 Dodecagon 12) 393 29% 1159 oO 
line ——— — — 
u a | "Fang: table is conſtructed, by dividing 60 the 
the degrees in a circumference, by the number of ſides in 


be Fach polygon; and the quotients are the angles at the 
this enters; the angle at the centre/ ſubſtracted from 180 
nts XX egrees, leaves the dre us ee 

ey | Mt; 04.00 pe g 1 . N 
5 A * E 1 Vi. 1 
hat 7 0 chen given” to inſeribe ah al 1 Po FL 

; 2 an oclagon. Fig. 11 

PS 3 | ConsTvcrt1os.. Apply the blank edge of the pro- 
ne iragor to as the diameter of the Circle, ſo that their 
a3 enters ſhall coincide z ſet off a number of degrees 
en C from 
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compaſſes, and applied to the circumference, Will 
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terſect one another is not to be readily determined 3 1 
in a practical manner; and a very ſmall error, in the 


2 — 
I — ͤ— — 
— — = 
TARA ana Fe Eo he IT D 
— — — r Tr II IN: 
* 2 6 n < * ab : 
* TE — * 8 — 


pogon.. Fig. 12. 5 bug #4294 8 >.8 119 299 4s 


in that polygon; make Ap, Bc, each equal to az; from 
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from ꝝ to b 1 to an angle at the center of that 9 

polygon, (viz. 48,) and through that mark draw a J 
radius op then ſhall the diſtance, BD, or the chord 
of the arc expreſſing thoſe degrees, be the . ſide of 
the intended polygon ; which chord taken between the 3 . 


divide it into as many equal parts as the polygon has 1 
ſides, viz. 8; and the ſeveral chords being drawn 1 
will form the polygon required. 

Ir will rarely happen that this operation, though J 
true in theory, will give the ſide of the polygon | 
exact; for when the chord of the arc prickt off 
from the protractor, is taken with the l 'Þ 
and applied to the circle, it at laſt generally An F 
beyond, or ſhort, of the point ſet out from : for it 
muſt be obſerved that the point where two lines in- 


taking the length of the chord, being ſeveral times 1 
repeated becomes conſiderable, at laſt. Here the 
compaſſes with che Hing, Point will * 180 of 4 
great uſe, 5 I 


P 1 


* — 


P Ro * E M VII. 
Upon a given right line 4. 10 deſeribe any regular | 


:ConSTRUCTION. From Saks of the given line, 1 
drew: the lines ab, Bc. ſo that the angles Bav, ac, 
may each be equal to the angle at the eircumference 


the points Þ ang c, fray lines that ſhall make with = 
DA, CB, angles equa al to the former; make theſe lines 
each, equal to AR; TY and ſo. continue till a chen 1s 
formed. of as 1 ſides as required. 
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DA ap, Bc, ſo that the angles Bap, anc, may 
be each 120 degrees; make AD, Bc, each equal to. 
4 B: allo, make the angles Apr, BCE, each equal to 
120 degrees, and make DF, CE, each equal to AB; 
* che. I ares, FE and 'tis done. 
, will © 1 Or it may be done by the help of the parallel ruler, 
„ has nen the polygon has an even number of ſides. 
rawn » 4 Thus, 

1 Havix formed the three ſides aD, AB, BC, as be- 


ough 1 — Hdirected ; through p, draw pr parallel to nc; 
gn 9 make DF equal to aB; through F draw FE parallel to 
t off AgB: make re equal tO AB and Join ck. 

aſſes | 1 

wy - Exam. II. Upon 4 line AB to deſcribe a pentagon. 
for it ; Fig. 13. * 

s in- 


: b Draw AC, BD, that 6458 may make with AB, an 
uned angle of 1608 degrees. Make ac, Bo, each equal to 
n the A; on the points c and p, with the compaſles opened 
times 7 to the diſtance AB, deſcribe arcs to croſs each other in 

the | i draw tc, ED, and 'tis done. 

a of In any regular polygon, having found all the ſides 
but two, as above directed; thoſe may be found as 
| þ Iche laſt two in the pentagon were. 

XZ Bur a regular polygon deſcribed upon a given line 
3 AB may be conſtructed with more accuracy, thus. 


1 
Z 

8 
ps 


Pur | [See Fig. 12, 13. 

Make an angle BAP, and another ABP, each cal 
ine, | © to half the angle of the required palygon ; on the 
ABC, Þ 3 point p, where the lines Ap, Bj, cut one another, and 
ence with the radius ꝓA deſcribe a circle, in which if the 


rom 12 given line AB be 3pplicd, the polygon N will be 
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S K N 
of the Plain Scale. 


1 lines generally drawn on his ne ſale, © 'Y 


are theſe following : 


| Marked 
I. Lines of equal parts. E. P 
II. Chords. 1 55 Cho. 
III. — —— Rhumbs. ; Ru. 
IV, . 
V. aten Fan. 
VI. Secants. . Sec. 
VII. ——— Half Tangents, IS. T. 
VIII. — — Longitude, . Lon. 
IX, ——— Latitude. +480 
B54 — —— Hours. : a F Ho. 
XI. Inchnations, 4 In. Mer. 


of the Lines Uo equal 1 Parte: . 


IN Es of d parts are of 850 ſorts, vi. 
ſimply divided, and diagonally divided. Pl. V. 


I. Simply divided. Draw 3 lines parallel to one 4 | 


another, at unequal diſtances, (Fig. 14.) and of any 
convenient length; divide this length into what num- 


ber of equal parts is thought neceſſary, allowing ſome 


certain number of theſe parts to an inch, ſuch as 2, 
"nb. th 34, 4» 45» Sc. which diviſions diſting uiſh by 
lines drawn acroſs the three parallels. Divide the left 
hand diviſion into 10 equal parts, which diftinguiſh 

by lines drawn acreſs the lower parallels only; but, 
for diſtinction ſake, let the gth diviſion be ſomewhat 


longer than che otliers: and it may not be inconve- 


niĩent to divide the ſame left-hand diviſion into 12 equal 
parts, which are laid down on the upper parallel line, 
having the 3d, 6th, and 9 Civiſions 00 by 

ST longer 


„ 2 


mene 
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: longer ſtrokes than the reſt, whereof that at the 6th 


diviſion make the longeſt. | 
THERE are, for the moſt part, ſeveral of theſe 


ſimply divided ſcales put on rulers, one above the 


other, with numbers on the left hand, ſhewing in 


each ſcale, how many equal parts an inch! is divided 


into; ſuch as 20, 25, 30, 33, 40, 45, Sc. and are 
ſeverally uſed, as the plan to be expreſſed ſhould be 


larger or ſmaller. 
Tur uſe of theſe lines of equal parts, 1s to 17 down 


3 any line expreſſed by a number of two places or deno- 


minations, whether decimally, or duodecimally divid- 


ed; as leagues, miles, chains, poles, yards, feet, in- 


ches, &c. and their tenth parts, or twelfth parts: thus, 


j each of the diviſions be reckoned 1, as 1 league, mile, 
8 chain, Sc. then each of the ſubdiviſions will expreſs 


part thereof; and if each of the large diviſions 
by called 10, then each ſmall one will be 1: and if 


the large diviſions be 100, then each ſmall one will 


Turnzronz to lay off a line 13 87, or 870 


| parts, let them be leagues, miles, chains, &c. ſet one 


point of the compaſſes on the 8th of the large divi- 
ſions, counting from the left hand towards the right, 
and open the compaſſes, till the other point falls on 
the 7thof the ſmall diviſions, counting from the right 
hand towards the left, Wen are the compaſſes opened 
to expreſs a line of 8 7; 87 or 870 leagues, miles, 
chains, Sc. and bears ſuch proportion in the plan, as 
the line meaſured does to the thing repreſented. 

Bur if a length of feet and inches was to be ex- 
preſſed, the ſame large diviſions may repreſent the 
feet, but the inches muſt be taken from the upper 
part of the firſt diviſion, which (as before notech i 18 
divided into 12 equal parts. 

Tavs, if a line of 7 feet 5 inches was to be wad 
down ; ſet one point of the compaſſes on the gth 
diviſion among the 12, counting from the right hand 

C 3 | towards 
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towards the left, and extend the other to 7, among ſu 


the large diviſions, and that diſtance laid down in the be 
plan, ſhall expreſs a line of 7 feet 5 inches: and the 
like is to be underſtood of any other dimenſions. | EX 
II. Diagonally divided. Draw eleven lines parallel m 
to each other, and at equal diſtances; divide tje 
upper of theſe lines into ſuch a number of equal *Þ} ft 
parts, as the ſcale to be expreſſed is intended to con- ©: 
tain; and from each of theſe diviſions draw perpendi- | Ct 
culars through the eleven parallels, (Fig. 15.) ſubdivide 1 
the firſt of theſe diviſions into 10 equal parts, both Þ 


in the upper and lower lines; then each of theſe ſub- # © 
diviſions may be alſo ſubdivided into 10 equal parts, 5 
by drawing diagonal lines; v7z. from the1oth below, 
to the th above ; from the gth below, to the 8th 
above ; from the 8th below, to the 7th above, 
Ec. till from the 1ſt below to the oth above, ſo 
that by 'theſe means one of the primary diviſions on 
| the ſcale, will be divided into 100 equal parts. | 
| THERE are generally two diagonal ſcales laid on 
| the ſame plane or face of the ruler, one being com- 
H- monly half the other. (Fig. 15.) 1 
Tx uſe of the diagonal ſcale is much the ſame = 
with the ſimple ſcale; all the difference! is, that a plan 
may be laid down more accurately by it: becauſe in 
this, a line may be taken of three denominations ; 
| whereas from the former, only two could be taken. 
Now from this conſtruction it is plain, if each of 
the primary diviſions repreſent 1, each of the firſt 
ſubdivaſions will expreſs 2 of 1; ard each of the 
ſecond ſubdiviſions, (which are taken on the diagonal 
lines, counting from the top downwards) will expreſs 
o of the former ſubdiviſions, or a 100th of the pri- 
| | mary diviſions; and if each of the primary diviſions 
1 expreſs 10, then each of the firſt ſubdiviſions will ex- 
preſs I, and each of the 2d, „ and if each of the 
primary diyifions repreſent 100, then each of the fb 
| | 2 + 
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g cabdivifiens' will be 10; and each of the 2d will 
he be 1, Ce. 
THEREFORE to lay down a Line, whoſe. tength i is 
expreſs'd by 347, 34 „e or 3 re whether leagues, 
el miles, chains, &c. C 
ne Ox the diagonal 1 joined to uche Ath of the firſt 
al 'F ſubdiviſions, count 7 downwards, reckoning the diſ- 
n- ctance of each parallel 1; there ſet one point of the 
j- compaſſes, and extend the other, till it falls on the 
le interſection of the third primary diviſion with the 
h ſame parallel in which the other foot reſts, and the 
— 8 compaſſes will then be opened to expreſs a line of 347, 


S, 343 or 3 Hos Fc. | 

, IRosE who have frequent occaſion to uſe ſcales, 
h perhaps will find, that a ruler with the 20 following 
> ſcales on it, viz. 10 on each face, will ſuit more pur- 
o poſes than any ſet of ſimply en ſcales hicherte 


n made public, on one Pagers | 


2 One Side Thedivifions 10,11, 12; 132,15,162,18, 20, 22, 25» 
„ Otherside to an inch | 28, 32, 30, 40, 45, 50, 60, 70, 85, 100. 


Tre left hand primary diviſion, to be divided into 
10 and 12 and 8 parts; for theſe ſubdiviſions are of 
great uſe in drawing the parts of a fortreſs, and of a 
piece of cannon. 

Ir will here be convenient to ſhew, how any plan 
expreſſed by right lines and angles, may be delineated 
by the ſcales of equal parts, and the protractor, 


P R O B I. E M VIII. 


Three adjacent things i in any right lined triangle —_ 
given, to form ihe * thereof. 


Exam, Suppoſe a triangular field, ABC, (Fi ig. 16.) 
the ſide 4 =327 yards; 0 208 yards; and the 
ane at n degrees. 

C 4 | Con- 
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'  ConsTRuCTION.. Draw a line as at pleaſure; then 


from the diagonal ſcale take 327 between the points 


of the compaſſes, and lay it from a to B; ſet the 
eenter of the protractor to the point A, lay off 442 


degrees, and by that mark draw Ac: take with the 


compaſſes from the ſame ſcale 208, lay it from A to 
o, and join c; ſo ſhall the parts of the triangle 
ABC, in the plan, bear the ſame proportion to each 
other, as the real parts in the field do. 

Tux ſide og may be meaſured on the ſame ſcale 
Kom which the ſides AB, Ac, were taken: and the 
angles at B and c may be meaſured. by ppg the 


Protractor to them as ſhewn at problem IV. 
If two angles. and the hh de contained between the « were 


given. | . : 
* Drawalineto expreſs th fide; (as before) atthe 


ends of that line, point off the angles, as obſerved 
in the field; lines drawn from the ends of the given 
line through thoſe marks, ſhall form a triangle ſimilar 
to flax of the field. 1 2 


q 


„ PROBLEM N. 


Hive adjacent things, . Sides and angles, in 4 right 


lin'd quadrilateral, 1 given, 4 T. down the 12255 


thereof, Fig. 17. 

fs Exam, Given, L * a= 70˙; ; AB 215 links; 

r INS UC == 159. | 
1 Draw Ab at pleaſure; from 4 

draw 4s, ſo as to make with Ab an angle of 70” : 

make b =215 (raken from the icales); ; from By AW 


6 


* This mark or n 2, ſignifies the 15 c 

A ſmallo put above figures, denotes them to be degrees. 
Tha: 70 ſtands for ſeventy degrees, ag 

This mark = ſignifies guad t. 

By links is meant the 43th part of a chain of four poles 
or of + yards long. 


BC, 


5 2 
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bc, to make with AB an angle of 115*: make po 
Y | 596 from c, draw cp, to make with cB an angle of 
114 and by the interſection of op with ap, a qua- 
XX drilateral will be form'd ſimilar to the figure in which 
ſuch meaſures could be taken as are expreſſed in the 


10 
to example. e | | 
le Ile 2 of the things were ſides, the plan might be 


formed with equal eaſe. 
Z Forrowinc the ſame method, a figure of many 


e more ſides may be delineated ; and in this manner, 
e | or ſome other like to it, do ſome ſurveyors make 
e their plans of ſurveys. 8 
s = The Conſtruction of the remaining Lines of the 
e = - PLAIN SCALE. , 
SS EE . 
1 PREPARATION. Fig. 18. Pl. VI. 
"XZ Descx1sx a circumference with any convenient ra- 
dius, and draw the diameters 4B, DE, at right angles 
to each other; continue BA at pleaſure towards ; 
through p, draw po parallel to gr; and draw the 
chords Bp, BE, AD, AE. Circumſcribe the circle with 


the ſquare Hux, whoſe ſides Ru, MN, ſhall be parallel 
to AB, Eb. e 


I. To conſtruct the Line of Chords x. 


Dive the arc ap into go.equal parts; mark the 
10th diviſions with the figures 10, 20, 30, 40, 50, 
XZ ©o, 70, 80, 90; on d, as a center, with the com- 
# paſſes, transfer the ſeveral diviſions of the quadrantal 
arc, to-the chord ap, which marked with the figures 
correſponding, will become a line of chords. 
The chord of an arc, is a right line drawn from one 
end of the arc to the other end. _ 


N | : Note, 


* 


* 
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- Note, In the conſtruction of this, and the ene 
ſcales, only the primary diviſions are drawn; the in- 
termediate ones are omitted, that the 22 9 ee not 
| appear too much crowded. 


. The Line of Rhumbs +, 


Mm the arc BE into 8 equal parts, which mark 
with the figures 1, 2, 3, 4, 5, 6, 7, 83 and divide 


each of thole parts into quarters; on B3, as a center, 


transfer the diviſions of the arc to the chord Be, 
which marked with the correſponding figures, will be 
a line of rhumbs. 


+ The rhumbs here, are the chords . to the 
points of the mariners compals, which are 32 in the Whole 
circle, or 8 in the quarter cirele, 


III. Te Line of” Sines J. 


Trroven each of the diviſions of the arc ap, draw 
right lines parallel to the radius ac ;. and cp will be 
divided into a line of ſinęs which are to be numbered 
from c to p for the right ſines; and from p to c for 
the verſed ſines. The verſed ſings may be continued 
to 180 degrees by laying the diviſions of the radius 
co, from c to E. 

The ½ ne of an arc, is a right line drawn Hom one 


end of an arc perpendicular to a radius drawn to the 
other end. 


And the verſed 7 ine, is the part of Ne 1298 lying be- 
tween the arc and its right line. ' 


. The Line 0 / Tongents |. 


A RULER on o, and the ſeveral diviſions of the arc 
AD, will interſect. the line po, which will become a 


If The tangent of an arc, is a right line touching that 


arc at one end, and terminated by a ſecant drawn through 
dhe other end. 


line 


9 * in. Oh. | 
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4 line of tangents, and is to be figured from v to g 
with 10, 5 30, 40, Se. 


oy The Line of Secants &. 


Tar diſtances from the center e to the diviſions on 


the line of tangents being transferred to the line or 


from the center c, will give the diviſions of the line 


| of ſecants z which muſt be numbered from A towards | 
x, with £O, 20, 30, Se. 


* The ſecant of an arc, is a right line drawn from the 


centre through one end ol an arc, \ and limited by the tan- 
pee: of that arc. 


5 V I. The Line of Ha * Tailgate 2 or the T, angents 


| / ball the Arcs.) 


A RULER on E, and the ſeveral JAG of the are 
AD, will interſect the radius ea, in the diviſions of 
the ſemi, or half tangents; mark theſe with the cor- 
reſponding figures of the arc . 

THe ſemi- tangents on the plane ſcales are W 
continued as far as the length of the ruler they are laid 
on will admit; the diviſions beyond o' are found by 
dividing the arc Ax like. the arc ab, then laying a 
ruler by E and theſe diviſions of the arc AE, the diyi- 
ſions of the ſemi tangents above go' degrees will be 
obtained on the line CA continued. | 


VIE. The Line f Longitude. 


Divide an, into 60 equal parts ; : through each of 
theſe diviſions, parallels ' to the radius ac, will inter- 
tect the arc AE, in as many points; from E as a center, 
the diviſions of the arc EA, being transferred to the 
2 EA, Will give the diviſions of the line of longi- 
tude. | 


The 


marked as in the figure. 


ſeveral diviſions of the arc be, and the interſections of 
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Tax points thus found on the quadrantal arc, 
taken from a to E, belong to the ſines of the equally | 
increaſing ſexagenary parts of the radius: And thoſe | 
arcs reckoned from x, belong to the coſines of thoſe 
ſexagenary parts. 5 | 


VIIL The Line of Latitude. 


A Rur ER on a, and the ſeveral diviſions of the 
fines on cp, will interſe& the arc Bo, in as many 
points; on B as a center, transfer the interſections 
of the arc BD, to the right line BD; number the di- 
viſions from B to p, with 10, 20, 30, Sc. to 1901 and 
BD will be a line of latitude. | 


r 


IX. The Line of Hours. 


BisEcT the quadrantal arcs BD, BE, in a, 5; divide 
8 quadrantal arc ab into 6 equal parts, (which g gives 
g degrees for each hour; and each of theſe into 4 
bear (which will give the quarters.) A ruler on e, 
and the ſeveral diviſions of the arc ab, will interſect 
the line ux in the hour, Sc. points, which are to be 


W To Ro." 


X. The Line of Inchnations of 3 


Bisker the arc EA in c; divide the quadrantal 
arc bc into go equal parts; lay a ruler on c and the 


the line Hu will be the diviſions of a line of inclina- 
tions of metidians. | 
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S E C T. VIII. 
The . of ſome of the Lines on the Plain Scale. | 
I. Of the Line of Chords. Pl. VI. 


Ox of the uſes of the line of chords is to lay down 
a propoſed angle, or to meaſure an angle already laid 


XZ gown. Thus, to draw a line AC, that ſhall make with 


the line AB an angle containing a given number of 
degrees, (ſuppoſe 36.) Figure 19. 

ON à, as a centre, with a a radius equal to the chord 
of 60 degrees, deſcribe the arc Bc ; on this arc, lay 
the chord of the given number of degrees from the 


| interſection B, to c; draw ac, and the angle Bac will 
| contain the given number of degrees. 


Note, Degrees taken from the chords are always to 
be counted from the beginning of the ſcale. 

The degrees contained in an angle already laid down, 
may be meaſured thus. Fig. 19. 

Ox A as a centre, deſcribe an arc Bc with the chord 
of 60 degrees; the diſtance Bc, meaſured on the 
chords, will give the number of degrees contained in 
the angle Bac. 

IF thenumber of degrees are more than 90; they 
muſt be taken from, or meaſured by the chords, at 
twice; thus if 140 degrees were to be protracted, 
70* may be taken from the chords, and thoſe degrees 
laid off twice upon the arc deſcribed vith. a chord 


? 


6 Of the 3 127 8 


1 — uſe is to delineate or meaſure 2 ſhip's 
courſe; which is the angle made by a * way 
and the meridian, | , 

"Now 


1 
0 * F N x0 
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Now having the points, and points of the compaſs | I 
contained in any courle ; draw a line aB (fig. 19.) for 
the meridian ; on A as a Centre, with a chord of 60* 
deſcribe an arc Bc ; take the number of points andæõ 
points from the ſcale of rhumbs, counting from o, A 
and lay this diſtance on the arc Bc, from the inter- 
ſection 8 to ; draw Ac, and the angle Bac ſnall re- 
preſent the ſhip? O courke,. | 


III. The uſe of the Fra of Longitude. 


Ir any two meridians be diſtant one degree or 60 
e e miles, under the equator, their diſtance 
will be leſs than 60 miles in any latitude between the 
equator and the pole. 1 

Now let the line of longitude be put on the ſcale 9 
cloſe to the line of chords, but inhverted, that is, let 
60 in the ſcale of longitude be againſt o in the 
chords, and 0? longitude againſt go* chords; Then 
mark any degree of latitude counted on the chords; 
and oppoſite thereto, on the line of longitude, will be 
the miles contain'd in one EEE. of Jonpitude, i in that 
latitude, . 

Tnus 57,95 miles, make 1 degree of longitude i in 
the latitude of 15 degrees; 45,97 miles, in latitude 
40 degrees; 36,94 miles, in latitude 52 degrees; 3⁰ 
miles, in latitude 60 degrees, Sc, 

Bur as the fractional parts are not very obvious on 
ſcales, here follows à table thewing the miles in one 
degree of Jongitude, to every degree of latitude. 

Tufs table is computed, upon the ſuppoſition « of 
the earth being ſpherical, by the following proportion. 
As the radius 1 is to the. coſi ne of any latitude, ſo 1s 
the miles of longitude under the equazor to the miles 
of longitude. | in that latitude, , 8 * 
Every perſon who is deſirous, of vcquiring mathe- 
maticat knowledge, ſhould have a table of the loga- 
rithms of numbers, fines, tangents, ; and ſecants ; LT 
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of Mathematical Inſtruments. Jt 
of the treatiles of navigation, and ſome other books, 
2X have theſe tables ; but one of the moſt uſeful and 
eſteemed collection is, Shertvin's mathematical tables. 


| I A TABLE, ſhewing the Miles i in one Degree 
LL of Longitude to every Degree of Latitude. 


TMiles| 


P. L. | Miles, Miles. | D: L. | Miles. 


——— — 


1 59-99 59.90 31 5.1543 61 29,09 
259,96 32 5,88 62 | 28,17 
3 59.92] 33 50,32 63 27,24 
4 59,85 34 49,74] 64 | 20,30 
5 | 59977 | 35 | 49-15 | 65 | 25,36 


w d et (0D 


8 59,67 36 48,54 66 24,41 
739.56 37 47.92 07 23,44 
8 59,42 38 = 47,28 68 22, 48 
9 50,26 39 46,63 69 | 21,50} 
10 9.099 40, | 45597 70 20, 52 
11 58.890 41 4,28 71 19,53 
12 | 58, 69 42 44,59 72 18,54 1 
| 13. 58,46] 43 43.88 73 17.544 
| 14, 458-22 | 44 436 74 16-54} 
is [57-95] 45 42,43] 75 | 15553] ; 
16 57,67 46 4,68 76 14,52 
17 57738] 47 40,92 77 13.50 
18 57.06] 48 40, 5 78 12,48 
19 56,73 49 39,36 79 | 11,45 
- 20 56,38] 80 | 38,57 80 1,2 
2156,02 51 | 37,76| 81 | 9.38 


5 1. 22 55:03 i 52 15 0 36,94 * 82 N 8,35 
| 23 55,23 53 | 36-11} B3 | 7932 
I co yo 54 | 35927 | 84 | 6,28 


E Fr. "+ £ $21 FF” LY 
14 599) 56 |33-55.| 86 418 


$ FO a EO 3M 2 
3 A gs 2 Gs 
4 $f $7 ET» 9 . * 
E 8 


TR 
: Y : 7: 
= 
by” 

*+* 

a 

5 

1 
Nt * 
* 
1 

9 8 

1 

a =, k 

1 
*y 
2 
* 


b 47 | $3» 46] 57. 1 9568.5 BY 88 
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Tur uſes of the ſcales of ſines, tangents, ſecants, 
and half tangents, are to find the poles and centres | 
of the ſeveral circles repreſented in the orthographical | 
and ftereographical projection of the ſphere; which 
are reſerved until the explanation and uſe of the lines 
of the ſame name on the ſector are ſhewn. | 
Tn lines of latitudes, hours, and inclinations 

of meridians, are applicable to the practice of dial- 
ing ; on which there are- ſeveral treatiſes extant, Wi 
which may be conſulted. 7 
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27 the 8 * 0 ＋ 0 R. : 
Sector i is a Faure fortw'd the two ae of a 


circle, and that part of the cirumference com- 
prehended between the two radiuſes. 
Tut inſtrument called a ſector, conſiſts of two 
flat rulers moveable round an axis or joint; and from 
the center of this Joint 1 ſeveral ſcales ATE drawn on the 
faces of the rulers. b | 
Tur two rulers are called legs, — preſent E: | 
the radii of a circle; and the middle of the Joint 
expreſles the center. e „ 
Tue ſcales ents put on ſetors, may be diſtin- | 
ouiſhed into and double, —— | 1 
Tux fingle ſcales are ſuch as are qorninanly put 
on plain ſcales,” and from whence dimenfions or diſ- 
tances'are taken, as have been already directed. 1 
3 ur double ſcales: are thoſe which. proceed from 
the center; each ſcale is laid twice on dne me face 
of the inſtrument, viz. once on Each leg: From 
theſe ſcales, dimenſions or diſtances are to be taken, 
when the.legs of the inftrumept-are im an 32 24 
Poſitiou as will be thewn hereafter. 2 LL 
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n 5 f Lines, or of equal parts, 
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== Double4 4 Fline J Tangents to 459 
vo | 3 Tatar above 45% 


Tas manner in which theſe ſcales are diſpoſed of 

on the ſector, is beſt ſeen in the plate fronting the 
title page. i AS89201 
FTux ſcales of lines, chords, ſines, tangents, 
rhumbs, latitudes, hours, longitude, incl. merid. 
may be uſed, whether the inſtrument is ſhut or 
open, each of theſe ſcales being contained on one of : 
the legs only. The ſcales of inches, decimals, log. 
numbers, log. ſines, log, verſed fines and log. tan- 
gents, are to be uſed with the ſector quite opened, 
part of each ſcale lying on bath legs. 

THE double ſcales of lines, chords, fines, and 
lower tangents, or tangents under 45 degrees, are all 
of the ſame radius or length; they begin at the 
center of the inſtrument, and are terminated near the 
other extremity of each leg; viz, the lines at the 

1 | diviſion 


34 5 . The Deſe ription and. Uſe" 


diviſion 10, the chords at 60, the ſines at 90, and 
the tangents at 45 3 the remainder of the tangents, 6r 
thoſe above 45*, are on other ſcales beginning at 4 of 
the length of the former, counted from the center, 


where they are mar ed with 45 and! run to about 76 
degrees. 


Tur ſecants alſo begin at the fake PP TRY "TH 1 


the center, where they are marked with o, and are 
from thence continued to as many gegrees as the 
length; of the ſector will allow, which 1s about .7 5%. 

Eben double ſcale, one being on each leg and 
Proceeding from the center, make an angle; and in 
an equal angular polition are all the double ſcales; 


whether of lines, or of chorcke, or of ſines, or of = 


tangents to 45. 

Anp the angles made * the ſcales of upper 
tangents, and of ſecants, are alſo equal; and ſome- 
times theſe angles are made equal to thoſe made by 
the other double ſcales. 

Tux ſcales of polygons ate put near 10 inner 
edge pf the legs, their beginning is not ſo far re- 
moved from the center, as the 60 on the chords is: 
Where theſe ſcales begin, they are mark'd with 4, 


and from thence are figured backwards, or towards wv 


the center, to 12. 


„Front this diſpoſition of the double Wan it is 


plain, that thoſe angles which were equal to each 
other, while the legs of the ſector were cloſe, will 


ſtill continue to be equal, although the ſe or de 
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E The Seal 95 Inches. 


HIS ſcale, which is laid cloſe to the edge of 
the ſeftor, and ſometimes on the edge, con- 


TE tains as many inches as the inſtrument will receive 


ohen opened: Each inch is uſually divided into 8 
8 equal parts, and alſo i into 10 equal parts. 


II. The Decimal Scale. 


Tris ſcale lies next to the ſcale of inches; it is 


A of the ſame length of the ſector when opened, and is 
divided into 10 equal parts, or primary diviſions ; 


and each of theſe into 10 other equal parts; ſo that 
mie whole is divided into 100 equal parts. And 
ZE where the ſector! is long enough, each of the ſubdivi- 
ſions is divided into two, four, or five parts; and 
by this decimal ſeale, all the other Jcales, that. are 
taken from tables, may be laid down. 

Is length of a ſector is uſually underſtood vi TR 
it is ſhut, or the legs cloſed together. Thus a ſector 
of ſix inches when ſhut, makes a ruler of twelve 


inches when opened, and a foot ſector, is two o feet 


long when quis opened. 5 


E III. The Scales of Chard Rhunbs , Sines Tan- 
„ gents, Hours, Latitudes, Longitudes, and In- 
clination of Me eridians; "$A 


ARE EY as | been already 0 deſcribed in th 


| account of the plane ſcale. 
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IV. The Scale of Logarithmic Numbers. 


Tais Jade: commonly called the artificial num 
bers, and by ſome the Gunter's ſcale, or Gunter 
line, is a ſcale expreſſing the logarithms of — 


numbers, taken in their natural order. To lay down 


the diviſions 1 in the beſt manner, there is neceſſary a 
good table of logarithms, (ſuppoſe Sherwin's,) and 
a ſcale of equal parts, accurately divided, and of 
ſuch a length, that 20 of the primary diviſions Mall 
make the whole length of the intended ſcale of num- 
158 or logarithmic ſcale, | | 


7 31 8819 | The Cmprutin.. | 
15 of "og 'the ſcate of equal Perts, iv the firſt 
10 of the primary diviſions, and lay this diſtance 
down twice on the log. ſcale, making two equal in- 
rervals'; marking the ehrt point x, the ſecpn , {or 
racher 120) and the third 10, (or rather 200.) 
2. Fu ct the ſcale of equal parts, take the di- 
ſtances expreſſed by the logs. of the numbers, 2, 3, 


4. 5, 6, J 8, 9, teſpectiveſy „rejecting the indices:) 
lay 


Thiele diſtances on each Aar gl of fethe log. ſcale, 


between the marks 1 & 10, 10 & 100, reckoning 


each diſtance from the beginning of its interval, viz. 
from 1, and from 10, and mark theſe diftances with 
the figures 2, 3, 4, 5, 6, 7, 8, 9, in order. 

. Favs the 5 three igures of the Wedel 
2. 3 4, f. 6, J, 87 9, GIG. ern 477. 6 ho. 2 
778, 843, 903, 954.3 theſe are the numbe 


are to be taken from the ſcale of equal parts, and laid 
down in each interval, , obſerying that the extent. for 


* From Mr. Edmund Gunter, the Inventor: Aftronomy- 


Profeſlor i in Greſham n. Anno 1 _ 


oy. 3 8 each 
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e ach is to be applied from the beginning of the in- 
terval in which it is laid. . 
1 3. Taz diſtances expreſſing the logs. of the 
numbers between 10 & 20, 20 & 30, 30 & 40, 
40 & 50, 50 & 60, 60 & 70, 70 & 80, 80 & go, 
90 & 100, (rejecting the indices) are alſo to be taken 
from the ſcale of equal parts, and laid on the log. 
ſcale, in each of the primary intervals, between the 
marks 1 and 2, 2 & 3, 3 & 4, 4 & 5, 5 &6,6& 
7. 7 & 8, 8 & 9, 9 & 10, reſpectively; reckoning 
each diſtance from the beginning of its reſpective 
primary interval. 
= 4. Tux laſt ſubdiviſions of the ſecond primary 
interval are to be divided into others, as many as the 
ſcale will admit of, which is done by laying down the 
logarithms of ſuch intermediate diviſions, as it ſhall 
be thought proper to introduce. 


V. The Scale of Logarithmic Sinet. 


1. FRoM the ſcale of equal parts, take the diftanees 
expreſſed by the arithmetical complements * of the 
logarithmic ſines, (or the ſecants of the complements) 
of 80, 70, 60, 50, 40, 30, 20, 10, degrees re- 
ſpectively; rejecting the indices ; and theſe diſtances, 
lay on the ſcale of log. fines, reckoning each from 
the mark intended to expreſs go degrees, which is ſet 
againſt, or under, the end of the ſecond interval of 
the line of numbers. „„ 

T nvus. To the ſines of 80, 70, 60, 30˙, 407, 30˙, 
20˙, 10˙, the three firſt figures of the arithmetical 
complements of their logarithms, are, 007, 026, 
O63, 115, 192, 301, 466, 760; theſe are the num- 
bers to be taken from the ſcale of equal parts, uſed 


"IN By the arithmetical complement of any ſine, tan ent, 
Oc. is meant the remainder, when that fine, tangent, c. is 
ſubſtracted from radius, or 10,000000, &c, 
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for laying down the logarithms of numbers, and 
every extent of the compaſſes is to be laid from the 
right hand towards the left, beginning at the point 
choſe for o', under the end of the line of numbers. 
2. Jv the ſame manner, lay off the degrees under 
10; and alſo, the degrees intermediate; to te of 
nk 20, 30, Sc. N 5 e 
3. Lax down as many of che multiples ak; 5 mi- 
nutes, as may conveniently fall within the limits of 
thoſe degrees which will admit of ſuch ſubdiviſions « of 
minutes. | IO 45 


VI. T he Scale f Ente Tangents. + 


455 Tunis ſcale, as far as 45 degrees, is conſtructed, 
in every particular, like that of the log. ſines; uſing 
the arithmetical complements of the log, tangents. _ 

2. THz degrees above 45, are to be counted back- 
wards on the ſcale: Thus 40 on the ſcale, repreſents 
both 40 degrees, and 50 degrees; 30 on the ſcale, re- 
preſents both 30 degrees, and 60 degrees; and the 
like of the other marked degrees, a wad alſo of their 
intermediate dne. 


1 I. The L verſed "0 


1. ' From the ſcale of equal parts, take the arith- 
metical complements, of the logarithm ca- ſines, (or 


the ſecants of the complements) of 5, 10, 13, 20,25, Mi 


30, 35, 40, &c. degrees; (rejecting the indices,) and 
the double of theſe diſtances, reſpectively, laid on the 
ſcale intended for the log. verſed ſines, will give the 
diviſions expreſſing 10, 20, 30, 40, 50, 60, 70, 80, 
Se. degrees; to as many as the length of the ſcale 
will take in. 

2. Between every diſtance of 10 degrees, intro- 
duce as many degrees, .z degrees; 3. MEees ; 1 de- 
grees, Sc. as the intervals will admit. Mer! rh 

- & x Tur 


Moth 
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Tu ſcales of the logarithms of numbers, fines, 

WE verſed fines, and tangents, ſhould have one common 
termination to one end of each ſcale ; that is, the ro 
on the numbers, the 90 on the ſines, the o on the 
verſed fines, and the 45 on the tangents, ſhauld be 
XZ oppoſite to each other: The other end of each of the 


| ſcales of fines, verſed ſines, and tangents, will run out 
beyond the beginning (mark'd 1) of the numbers; 


nearly oppoſite to which, will be the diviſions repre- 


bc. ' ſeating 35 minutes on the fines and tangents, and 


168; degrees, on the verſed fines, 


8 E 0 T. . 
Of the Conſtruction of the D ouble Scales. h 


I. Of the Line of Lines. 
be | HIS is only a ſcale of equal parts, whoſe length 


is adapted to that of the legs of the ſector: 


nus in the fix inch ſector, the length is about 32 
inches. | 


Tus length of this ſcale is divided into 10 primary 


E diviſions ; each of theſe into 10 equal ſecondary parts; 


and each ſecondary diviſion, into 4 equal parts. 


1 
5 


Hence on any ſector it will be eaſy to try if chis 


ine is accurately divided: Thus. Take between the 
compaſſes any number of equal parts from this line, 
and apply that diſtance to all the parts of the line; 


and if the fame number of diviſions are contained be- 


tween the points: of the compaſſes in every applica- 


tion, the icale may be received as perfect. 


. 07 the Line of Sines. 


that of the line of lines. 


1. Max the whole length of this ſcale, equal o 
8 2. Fou 
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2. 8 the ſcale of the line of lines, take off ſe. 
verally, the parts expreſſed by the numbers in the 
tables rubs Sherwir's) of the natural fines, corre. 
- ſponding to the degrees, or to the degrees and mi- WW 


A intended to be laid on the ſcale. 


3. Lay down theſe diſtances ſeverally on the ſcale, i 
inning from the center; and this will m__ a 


| Ta e of natural. ſines. 


_ Exan. To lay down 355 1 is, whoſe natural ſine 4 


found i in the tables is 37714, c. 


TAKE this number as accurately as may be, from 


S ; 
— 55 . £ 25 & 
DO s EE ISIS, 3 I 
8 2 2 . 3 * RATES WR. 458 
PCC ede . 
J wy 6 A * * & n 


the line of lines, counting from the center ; and this 6 | 
diſtance will reach from the beginning of the fines, at 
the center of the inſtrument, to the diviſion expreſſing . 


25" T. 5”; and ſo of the reſt. 


In ſcales of this length, it is cuſtomary to lay down 
diviſions, exprefling every ig minutes, from o de- 
grees to 60 degrees; between 60 and 80 degrees, 


"every half degree is expreſſed; then every degree to 9 
"I, ; and t the next 18 9⁰ degrees. "= 


III. of the Scale of Ti "REP 


Tur length of this ſcale is equal to that of the line 


of lines, and the ſeveral diviſions thereon (to 45 de- 


grees) are laid down from the tables and line of lines, 1 


in the ſame manner as has been deſcribed in the 
ſines; e to uſe the natural tangents in the ] 


IV. . of he | Seal 6 of up upper Taten, ; 


Tus ſcale is to be laid down, by taking 4 of ſuch ſ 


of the natural tabular tangents above 45 degrees, as 
are intended to be put on the ſcale. 


ALTHoucn:the poſition of this ſcale on the ſector LL 


n the center of the inſtrument, yet its begin- 


n, i 1 | 
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ning, at 45 degrees, is diſtant from the center, + of 
che —_ or radius of the lower nn. | 


V. of the Scale of Secants. 


TE diſtance of the beginning of this ſeale, from 
the center, and the manner of laying it down, is juſt 


A | the ſame as that of the upper tangents ; only 1 in this, 


1 the tabular n are to be uſed. 
. Of the Soak of Chords. 


1. Mak the length of this ſcale, equal to that of 


75 the ſines; and let the diviſions to be laid down, ex- 
1 e every 15 minutes from o degrees to 60 de- 


0 2 88 
14 
1 4 
"8: J 
IT INS „ 
= 
© 
2 


2. Taxx the length of the fine of half the degrees 
and minutes, for every diviſion to be laid down, (as 


before directed in the ſcale of {ines ;) and twice this 
length, counted from the center, will give the diviſi- 
ons required. 


Tnos, twice the length of his fine 18 155 will 


= give the chord of 36* 30”; and in the ſame manner 


| for the reſt. 


VII. of the Scale of Polygons. . 


Ts ſcale uſually: takes in the ſides of the poly- 
gons from 6 to 12 ſides incluſive: The diviſions are 
laid down, by taking the lengths of the chords of 
the angles at the center of each polygon; and theſe 
diſtances are laid from the center of the inſtrument. 

Bur it is beſt to have the polygons of 4 and 5 ſides 
alſo introduced; and then this line is conſtrued from 
a ſcale of chords, where the length of 90 degrees is 


equal to that of 60 degrees of the double ſcale hos 
chords on the ſector⸗- 
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| calli un. 


| eranſverſe difgance z it will be proper to explain what 


of the ſector. 


the ſcale of dhe ſame name on the other leg of the 1 
-tector 3.6 4 


* 
2 3 . n 
- * — 
£ 


verſe; diſtances, the points of the compaſſes mutt he 


_ —_ 


4 2 Be Deſcription and. Uſe. 


. In-the place of ſome of the double ſcales here de. 
Kerbel, there are found other ſcales on the old 
ſectors, and alſo on ſome of the modern French ones, 
ſuch as, ſcales of ſuperficies, of ſolids, of inſcribed =_ - 
bodies, of metals, Sc. But theſe ſeem to be juitly 
lefe out on the ſectors, as now conſtructed; to make 
room for others of more general uſe: However, 
theſe ſcales, and ſome others, of uſe in gunnery, will 1 
be given in the Appendix, on the uſe af the gunners N 


80 7. XII. 
FS; be es of the Double S cales. 


N the following account of the uſes, as there will 3 d. 
frequently occur the terms lateral diſtance, and 0 | 


1s meant by thoſe terms. 
Lateral diſtance, is a diſtance taken by the compal- 1 
fes on one of the ſcales only, beginning at the center Wl 


Tranſverſe diſtance, is the diſtance taken betracn bd 
any two correſponding diviſions of the ſcales of the 
fame name, the- legs of the ſectar being in an an- 
gular pofition: That is, one foot of the compaſſes Wl 
is ſet on a diviſion in a ſcale on one leg of the fector, 
and the other foot is extended to the Hke diviſion in 


_ muſt = all Shes Sack of the ſectoral b 
ſcales have three parallel lines, acroſs which the divi- 
ſions of the ſcale are marked: Now in taking tranſ- 
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elways ſet on the infideline, or that line next the inner 


edge of the leg; for this line only in each. ſcale runs 
to the center. 


7 
2 4 7 
„ 


what 
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Some Aer of the' Line of Lines. 


PROBLEM * 


To uns given 1 AB=2, BC = =6; to find a a third 
proportional. Plate VI. Fig. 20. 
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OPERATION. 1. Take between'the compaſes, 1 
ateral diſtance of the ſecond term, (viz. 6.) | 
2. SET one point on the diviſion expreſſing the 
brſt term (viz. 2.) on one leg, and open the legs of 
the ſector till the other point will fall on the corre» 
oonding diviſion on the other leg. 

3. Kxxr the legs of the ſector in this poftion; ; 
Wake the tranſverſe diſtance of the ſecond term, (viz. 
WS.) and this diſtance is the third term required. 

4. Tais diſtance meaſured laterally, beginning 
Jom the center, will give (18) the number expreſſ- 
ec the meaſure of the third term: For2 :6:: 6: 
98. 


2581 


e 
FO pH 
9 


5 
— 


3 | On. Take the FT 2 ie and apply it 
ranſverſely to 6 and 6 (the ſector being properly 
Ppened), then the tranſverſe diſtance at 2 an 2 being 
ken with the compaſſes and applied laterally em 
ee center of the ſector on the ſcale of lines, will give 
2 065 , the third term when the proportion iS de- 
reaſing: For6:2::2:4. 

_ Nee, If the legs of the ſector will not open ſo far | 
do let the lateral diſtance of the ſecond term fall 
etween the diviſions expreſſing the firſt term; then 
e 2, 3, 2, or any aliquot part of the ſecond term, 
ſuch as will conveniently fall within the opening of 
Ihe ſector) and make ſuch part, the tranſverſe diſtance 
f the firſt term; then if the tranſverſe diſtance of 
* ſecond term be multiplied by the denominator of 
Ihe parc taken of the ſecond term, the product will 


ive FIRE third term. 
x R 0 B L E M 
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PR OB LEM X. ” 4 5 
To three given lines AB= g, BC.==7, CD = 10 
40 . 4 e Proportional. Plate VI. Fi is 21. 


50 Orxxarion. Open che legs of the ſector, until a 
tranſverſe diſtance of the firſt term, (3) be equal toll 1 
the lateral diſtance of the ſecond term, (7) or to, 
ſome part thereof; then will the tranſverſe diſtancelif : 
of the third term, (10) give the fourth term, (4391 x 
required; or ſuch a ſu bole: ar as Was taken E 
of the ſecond term: For 3 : 7 * 235 3 

On, Set the lateral diſtance 3 ely from rol 3 
to 10 (opening the ſector properly); then the' tran 
verſe diſtance at 3 and 3 taken and ine lateral, 1 
will give 2 r For IO: 75 PD gs m Y 

Os THUS, _ 

M ben the anopartion! 15 increafoap. þ 9 

Oyex the ſector till the length a the Aan tern | 
taken between the compaſles, be a tranſverſe diſtance 
to 10 and 10 on the lines; and in this poſition alf 

the ſector, mark the points where the length of the 
| firſt: term, between the compalſes, falls ue 

„Orrn che Gator. till the extent of the thind term F 

is tranſverſe to thoſe marked points; then is the | 
tranſverſe diſtance berwpen 10 and ny the four 1 
term. 45 g 

ben the properties is Ans 4 | 

Or the ſector ſo that the gutt, or e ram 
ben tranſverſe diſtance to 10 and 10 on the lines; 1 
and mark the tranſverſe points which the extent ol E 
the third; or leaſt, term gives. : 

Opt the ſector, ſo that ro and 10 de a cranſverili 
2 to the extent of the ſecond term; then vill 
the tranſverſe diſtance of the i marked points b 
the fourth term. : 


"2p a j 
=. 
1 N 
4 " 


e 


ee. part of the given 
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30 | Thus in the firſt caſe. The 2d term 7, taken 
rom any ſcale of equal parts, and applied tranſ- 
erſely to 10 and 10; then the iſt term 3, taken 
rom the ſame ſcale, will reach tranſverſely to near 
3; and the ſector opened till the zd term, 10 
aken from the ſame ſcale and applied tranſverſely 
Jo near 4, 3, and 4, 3, the fourth term will be the 
ranſverſe diſtance of 10 and 10, which h applied to 
ye ſame ſcale; will give 2332. | 
Ax in the ſecond caſe. The ſt term 10, taken 
rom a ſcale, and, made a tranſverſe to 10 and 10, on 
he lines; the leaſt term 3, from the ſame ſcale, will be 
* tranſvenſe to 3 and 3; then the 2d term 7, from the 
ame ſcale, being made a tranſverſe to 10 and 10 on 
he lines; the tranſverſe diſtance of 3 and 3 on the 
ines, being applied to the ſame ſcale, will * 2 
or the fourth ternn. 

= From this problem i is readily deduced, how to in- 

reaſe or diminifh a 1 87 _ in oy aligned pros 

portion. 


1 Exam. To dimiuiſh a line of 4 inthe, in Ty fre: 
1 portion of 8 to 7: CIO 


r. Oran the rr until the Naa diſtance of 
and 8, be equal to the lateral diſtance of 7. 
2. Maxx the point to where 4 inches will reach, 
s 2 lateral diſtance taken from the center. . 
1 WE: Tus tranſverſe. "FRANCE, calken at chat point, 
be the line required. 

Ir che given line, 075 z hes, ſhould be 700 
Nong for pA legs of th the ſector, take 2, or 3, or 2, 
4 ine for the lateral diſtance ; 
and the correſponding tranſverſe diſtance, taken 
rice, or thrice, or four times, Sc. will be the line 
1 required. | | 


PROBLEM 


$64.3 
446 
CT 2, | 
1 
17 
4 

. 


foal make a es ml, 2 | 
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PROBLEM XII 1 
7 0 pen the: ſefzor fo, that the two ſeals o 1 h nes I | 


2 "Ovamurrrom:: „Tale the: interal ne oa che 
center to the diviſion marked g between the points of 
the compaſſes, and fer one foot on the diviſion mar- 
ed 4 on one of the ſcales of lines, and open the legs 
of the ſector till the other foat falls on the:diviſion 
marked 3 on the other ſcale of lines, and then n * 
thoſe ſcales ſtandt at: right angles to one another. 

For a triangle made with the lines 3, 4, 55 or any 1 
of their rr will be a right 18 5 21280 5 


— 


* 


85 R 0 B 3 E M XII oel: 9 
75 2 two ri bt lines W to Aud a mean reti = 


Suppeſe the Ines 40 and go. | — 


OrrRATION. Iſt; Set the top ales of lines KY | 
angles to one another, 42% „ 
: 2d. Find the half ſum of the given A Ei | 
Ra. 65 3 alſo find. the half callerence or” _— lines 4 
— =)25 + FVV 6 


3d. Fake, with che compaſſes, as lateral FOIL = 
at the half ſym (65), and. apply. one foot to the half 
difference (25,) the other foot'tranſverſely will reach 
to (60) the mean proportional required : Fe or 15 ; 60 
>: 60 : 225 ü 


E pry. 


PROBLEM XIV. 


27 o divide a given line into any propoſed Ok of 1 


equal * ( ſuppoſe 9.) 
7 MAKE 
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Mags the length of the given line, or ſome known 

Part thereof, a tranſverſe diftance to g and 9* Then 

ill the tranſverſe diſtance of 1 and 1, be the & part 
1 thereof ; or ſuch a. {hbmuttple of the; N part, as Was 

05 raken of the given line. 

E Ox the - part, will be the difference between the 


A. given line, and the tranſverſe diſtance of 8 and 8. 


he | Tx latter of theſe methods is to be preferred n 
4 9 he part required falls near the center of the inſtru- 
"i zent. 0 £.=2} Aden, IS. > 


75 ibis problem may "be referred the FW of making 
KL [ale of a given e to contain a given number of 
rqual Paris.. a 


Taue KITS: of thin de very uſcful to thoſt wa has 
ccaſion to take copies of ſurveys of lands; draughts 

of buildings. whether civil or military; and in every 
= cher caſe, where drawings are to be made to bear 
WS given proportion to the things they repreſent. 
== Exam. Suppoſe the ſcale lo the map of a ſurvey is 
I 5 inches long, and contains 140 poles ;, required to open 


= 7e ſeftor ſo, that a er eſpondong. 1 . be n 
rom the line of lines. 


Sorvriox. Make the tranſperſe nN 7 and 7 
5 or 70 and 70, viz, ) equal 1 to three inches (= 2) þ 
1 ind this poſition of the line of lines will produce the. 
9 bi given ſcale, 


17 1 F;; it. u to mie a ſcale . 140 poles, and 
ch p o be only two inches long. 
60 Soruriox. Make the tranſverſe diſtance of 7 and 7 


an to one inch, and the ſcale is made. 


Exan. II. 7 make a ſcale of 7 inches long contain | 
80 . | 
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yards, and be 18 inches __ 


verſe diſtance to 9 and ) the ſum of the - propoſed is 


| numbers (4 and 5) will be the parts required. 


few of the terms. 
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 SoLuTION. Make the tranſverſe diftance of o and þ J 
9 equal to 35 m and the ſcale 1 18 made. — = 


Ex All. III. To wakes a ſrale which fl expreſs 266 a 


Soruriel. Make the + of 18 inches (or 6 inches) | 1 
a tranſverſe diſtance to the 4 ＋ of 286 S gs r) and : 
the ſcale is made. N 1 27 of 

Or, Make the r of 18 inches how 5 « inches) a} 1 
tranſverſe diſtance to & of 6. * 220 and che ſcale | 3 : 
is made. 3 


x 2 


ExaM. IV. To Avid a given ine (ſingoſe 7. 5 inches | 4 


into am affigned proportion (as of 4.4%. 


Sol TioN. Take (5 inches) the length of a given 1 | 
line, between the compaſſes, and make this a wan, | 4 


parts; then the Sandee diſtances of the ae Ft 


PROBLEM XV. 


Civil architecture. | 


Ix this place it is intended t. to give ſo much of Ar. 
chitecture as may enable a beginner to draw any one 
of the orders; but that the. following precepts ma 
be rightly underſtood, it ll be Proper 10 nen 9 


Devin [TIONS e 

1. Auchrrzerunf is the art of buildin well; 5 | 
and has for its object the Contpaencs, ene and : 
Tow of the hue * * | I 
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4 2. ORDER in Architecture, is generally underſtood 
Nas Ornament, and conſiſts of three grand Parts; 
namely; 
3 Tur EnTaBLaTURE, which repreſents, or is, 
the weight to be ſupported. ED 
4. Tas Corvmn, that which ſupports any weight. 
= 5. Tux PtpesTar, or foot, whereon the Column 
is ſet for its better ſecurity. 
* Eacn of theſe parts, conſiſts alſo of three parts. 
6. Tux Pedeſtal is compoſed of a Bas, or lower 
part, a Dis, and a Cornice, or upper part. 
4 Tux Column is made up of a Basx, a Side; 
VB which is a middle part, and a CAPITAL, the upper 
8. Tur Entablture conſiſts of an Arzcnurtrave; 
or * part, a Freeze, the middle part, and a 
Conxicz, the upper part. 
So that an Order may be ſaid to conſiſt of nine large 
parts, each of which is made up of ſmaller parts 
called Members; whereof ſome are Plane, ſome Cur- 
ved, either convex or concave, or convex0o-concave. 
# Pr.avz members of different magnitude have dif- 
Wferent names. 
9. A Fitter or ft is the leaſt plane or fat mem- 
ober. e 
10. A 1 18 has flat nents at the bottom 
of the Pedeſtal, or of the baſe of the Column: 
1. A Prarenanp, that at the top of the Pedeſtal, 
or the upper member of the Architrave | in the En- 
Wrcablature. 
= 212. Ax Abaevs; chat at the top of the capital. 
13. Tur Faciz or faces are flat members in the 
Architrave. 


„ 14. Tur Corona is a large e flat member in the 
ell; 0 ornice. 1 | 
and Tax Convex 3 are, 


_ AN ASTRAGAL of a ſmall ſewicircular c con- 
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59 2 be Defrattion and Up 
46. 4 Fus aRoLE when an Aftragal i is cut into a 
: parts. like beads. I bw 


17. A Tonus a large ſemicircular erin. 'F 
„ 18. AN OvoLa nearly of a quagrantal convexity, "0 
Tux Concave members are, 1 
19, A CAvETTo nearly of a quadrantal concavity, | 
20. A Scoriꝝ of a concavity nearly ſemicircular. 
Tux Convexo-Concave members hes a Cymaiſe 1 
and a Cima. 3 
21. A Cymaiss, or Ove, that whaſe-c convex part 
projects molt ; and. by. workmen IS uſually called an 5 
OokE. 5 | 4 
#3; Cin, thatwhoſe concave part projets moſt, # 39 
23. Sorrir is the under part of the Crown of an 4 
Arch, or of the Corona of an Entablature. I 
24. TaicLiens (i. e. three channels) is an Ora: A 10 
ment in the Freeze of the Doric Order. 1 
25. Maroes (i. e. between three's) is the ſpace of | =. 
* Teeze between two Triglipss. [ 
26. MopiLions, or MuTuLts, are the brackets 1 | 
or ends of beams ſupporting the Corona. In the 
Corinthian Order they are re generally carved into a A 
kind of Scrol. 1 
27, DENTELs are an Ornament looking ſomewhat 3M 
like a row of teeth; and are placed in the Cornic 
of che Entablature. | 
Ir is cuſtomary.among Architects, to eſtimate the © 
heights and Projections of all the parts of every order, 
by the diameter of the column at the bottom of the 1 
"<5 which they call a module ; and ſuppoſe it to ll 


| conbit 0 of 60 el pars, which are. called minutes. 


4s . a +» + 121 4 E _ 41 


of the Toscan Oxprr. 
. 


Tuis order, which ſome writers liken to a ſtrong 1 
robuſt labouring man, is the moſt ſimple and una- Bl 
dorned of any of the orders: The places moſt re- 
commended to uſe it in, are country farm- houſes, 4 
4 | ſtables, 


ong 


FF: + 
OS. 
2 
7 
; he 3, 
2 
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= 
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2 ſtables, gateways to inns, and places where plainneſs 
and ſtrength are reckoned moſt neceſſary: Though 
there are inſtances where this order has been applied 
to buildings of a more public and elegant nature. 


0 8 
WES. 
Ws. 


43 teel man; and although of a bold aſpect, yet not fo 
ſturdy and rufticly clad as the Tuſcan. Architects 
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THE general proportions aſſigned by Palladis. 
1. HEicnrT of the column equal to feven diame- 


ters, or modules. 


2. Hzicar of the entablature equal to one fourth 


of the column, wanting half a minute. 


HEI of the pedeſtal equal to one module. 
4. Tat capital and baſe, each half a module. 
5. BREADTH of the baſe on a level is 15 modules. 
6. BrEapTH of the capital equal to one module. 
7. DminisHiNG of the column is 4 module. 
8. PROJECTION of the beams ſupporting the eaves 


is 14 modules. 


. In colonades, the diſtance of the columns: in che 


Fr clas? is 4 modules. 


10. In arches, and the columns {et on pedeſtals, 
The diſtance of the columns from middle to 
middle is 6 modules. | 
Height of the arch is 7% modules. 
Breadth of the pilaſter between the coluthn and 
paſſage is 26 minutes. 
TRE ovolo under the corona, in the cornice of the 
entablature, is commonly continued within the coro- 


a, giving it a reverſe bending in the ſoffit , ſomething 
Hike a cyma, 


Of the Doric Orr. 


Ta1s order, ſuppoſed to be invented by Dorus a 


1 king of Achaia, may be likened to a welk-limbed gen- 


place this order indifferently in towns : But when 
they would decorate a country ſeat with it, the open 
champaign ſituation ſeems beſt for the reception of 
E 2 the 
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where they have a very pleaſing effect. 


fix drips or bells, covered with a plain cap : The us 
breadths of the drips, cap and trigliphs are each 
module: The trigliphs eonſiſt of two channels, two 


the column continued, runs through the middle void, BY 
leaving the drips chree on each ſide: The: metops, or 


the Doric order; notwithſtanding which, there ar 


3 


many fine buildings of this order in other — Y 


Tre following general proportions are given "} 1 
Palladio. 72 
t. HIGH of the column from 74 to 8, and 87 = 
modules. J l 
2. Hercnr of the entablature is one fourth of the 
column. —_ : 1 
3. Hrichr of the pedeſtal — to 25 modules. 
4. TRE Attic baſe is uſed with this order, it is 0 5 
half a module in height, and ſo is the capital. 1 
5. BREADTE of the column's baſe is 14 module. Y z 
6. BREADTH of the capital i is 1 module 175 mi. 
nutes. BE 
7. Dimx18H1NG of the column is 8 minutes. 7 
8. In colonades, the diſtance of the columns i in the by 
clear is 2+ modules. 5 fy | 
. In arches, and the column ſet on pedeſtals; 
Diſtance of the columns from ne to mid. 
dle is 74 modules. 1 
Height of the arch to its ſoffit is 104 modules 9 
- Breadth of the pilaſters is 26 minutes. 1 
I the Dorie order, the architrave has two faces and] 1 
a plinth; the upper face is ornamented with rows of | > 4 


freeze is divided into trigliphs and metops: The 


half channels, and three voids; the breadths of the 
channels and voids are each g minutes: The axis of | 


diſtances between the trigliphs, are equal to the height i 
of the freeze, and are e ornamented with! 
trophies, arms, roles, Sc :· 
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9 Hans follows a table for the particular conſtruction 
f the ornaments with which the architrave and freeze 
are enriched, 


| = Altitude. Projection Profile. 


0 Fa ; +: 
Min. Min. | Min. 


_ Capital! 5 16 2 

Freeze ' | 45 1 — Fs 

| Trigliphs| 40 15 | +24. 

le. Plintk 4 16 33 
Cap 18 * 
Drips 34 15 0 


— 


Tnx column ſigned altitude, gives the heights of 
he particular parts. 

== Trar ſigned projection, mens the breadths of 
5 Whoſe parts on each ſide of the middle line of the 

2 Folumn continued. 
Ax under the word profile, ſtand the numbers 
Mewing how far the ſeveral parts project beyond the 
Baan or faces of the members on which they are 
Tur ſoffit of the corona in the cornice of the enta- 
Plature, is uſually ornamented with drips correſpond- 
ng to the trigliphs, and roſes, arms, Sc. over the 
Ihnetops. 

Tax ſhaft of the column is ſometimes fluted ; that 
s, cut into channels from top to bottom, the chan- 
Hels meeting one another 1 in an edge, and are in num- 
Err twenty. 


Of the Ionic ORDER. 


Tais order, which is taller and ſlenderer than the 
182 

EA Doric, does not appear m ſuch a maſculine en 
I 5 3 " 
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and is, by ſome writers, compared to the figure of 2 
grave matron. The Jonians who invented this order, 
applied it chiefly to decorate their temples : Bur 9 
when applied to the ornamenting a countty palace, 8 
the rich and extended vale ſeems a proper ſite : 

Workmen indeed uſe it indifferently i in every place. | I [1 

Palladio gives to the Ionic order the following ge- 
neral proportions. 5 
— — of the column to be modules. | 2M 
2. Taz altitude of the enblature is equal to- i 
that of the column, and divided for the archittave, E | 
freeze, and cornice, in the Proportion of 4, 3,5. 
3. Tux height of the pedeſtal is equal to 2 mo- 1 
dules 325 minutes; or (what he wm r of the 
column * . 
4. Herchr at the baſe = module; "Its breadth 1 
module 224 minutes. Ad aa 
5. Hzrcur of the capital and volute is 312 mi- 
nutes, and the breadth of its abaco is 1 module 
37 minutes. 
6. Diumuriox of the column is 7, minutes. . 
7. Ix colonades, the diſtance of the columns 1 in 
is clear is 24 modules, 
$. Ix arches, and the columns ſet on pedeſtals, 2 
Diſtance of the columns from middle to mid. 
dle is 74x modules. 
Hleig ht of «la arch to its ſoffit is 11 modules. IM 
"Beeadch of the pilaſters is 26 minutes, between 3 
the column and arch. MM 
Tux diſtance of the modilions in the 8 7 
is 22 minutes, and the breadth, of each modilion is 
10 minutes; the axis of the column produced, always W 
paſſes through the middle of a modilion, which in this 5 
order is a plain block repreſenting the end of a beam. 
: The three moſt elegant remains of the ancient Tonic 
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order, in Rome, have their cornice ornamented with 
IX demels inſtead of modilions ; and it is the opinion 
of ſome, eminent for their taſte in Architecture, 
2 that in this order, dentels would have a better effect 


: Ethan modilions ; the heights of theſe dentels were 


uſually twice their breadth, and their diſtances halt 
Tus freeze of this order is uſually made relig. 
and is formed by the ſegment of a circle, whoſe chord 
is parallel to the axis of the column, and the ſwell- 
ing projecting as far as che plateband of the archi. 
ES trave. 
Tae Wollte of the capital, are, now, einm 
made to project in the directions of the . — 
the ſquare cap, or abaco, over the volutes chat 
their drawing ſhould be expreſſed like the yolutes 
in the Roman order: They are much better drawn 
by an eaſy hand, than by any rules for deſcribing 
them with the compaſſes, obſerving the limits of 
WE their altitude and projection: But the volutes 5 the 
* ancient examples of this order, and which are ſome- 
times executed in modern buildings, were curled! in a 
plane parallel to the architrave. Fheſe volutes” arg 
ſuppoſed to repreſent the plaited treſſes, in. whic 
the Grecian women uſed to dreſs their hair. Hall n 
Tux ſhaft of the column | is ſometimes fluted leav- 
ing a filler or lift between each channel ; If this ** 
3 der there are 24 flutes and Killers, | | 


ö 268 


i041 
3 . — 2 


11 — 


Of the CoRIXTHIAN Gebe 


Tus order, the moſt elegant of all, is by ſome 
compared to a very fine woman clad in a wanton 
ſumptuous habit: It was invented at Corinth, and 
ſoon ſpread into other places to adorn their public 
Wy buildings, A proper rural ſituation for this order, 
9 ſeems to be a ſpat commanding a rich and beautiful 
proſpect ip a fine watered vale, 

3 E 4 


UN, 
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Tre 
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Tur . proportions aſſigned by Palladis are; 1 ce 


1. TRE height of the column to be 91 modules. = b; 
2. HercuT of the; entablature equal to 7 that lf 4 
| the column; the architrave, freeze and cornice to be Mt} 
in the proportion of 4, 3.5 3. and the W of 
the cornice equal to its height. ESR Za 
3. Hxlonr of the ee <qual to 2 of the co- % 
Yom 5 1 d 


dhe height ofthe capital to. be. 1 madele ; of 1 
w ich abaco is g of a module; its horns project- Y 
ing over the bottom of the column £ of a module. 

Tux height of the baſe equal 0 2 module; and 
its greateſt breadth to be one module and a fifth. | 

. Tax diminution gf the column to be 8 minutes, a 
a 7. IN colonades; the intercolumniation is 2 mo- 

0 es. 1 

. be N arches, and the. columns ſet on . pedeſtals, 2 1 

I )he diſtance of the columns, from middle to 
middle, to be 6: modules. 7 
Height of the arch 1 equal to 115. modules 
* of the pilaſter, between the column and 
ſides of the paſſage, to be 27 minutes. 

. this order the ſhaft is frequently cut into 24 
flutes, which are ePArated from one aneuher by as | 
many fillets, _ 

Tux capital 1s compoſed of three tors of leaves, 
eight leaves in a tier, with their ſtalks or ſcrols, en- 
—.— the body of the capital, which repreſents a 
baſket, whoſe bottom is juſt as broad as the diameter 
of the top of the column within the channels : The 
ornaments of this capital are beſt done by hand, 
without rule or compaſs, obſerving the PP. ali | 
tudes and projections. of the parts. : 

Tre. architrave conſiſts of three facias, three f- 
ſaroles, an ogee, and a plateband; the firſt, or lower 
facia, projects the ſame as the top of the ſhaft... "Hs 

Tus freeze, which projects the ſame as the top of 
the ſhaft, has its 1 part turned into a kind of 

| Cavetto, 
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| cavetto, terminating with the extremity of the plate- 
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S. band of the architrave. 
t of A Tux breadths of the dentels are 33 minutes, and 
be their diſtance 14 minutes. © 
| of 1 Taz breadths of the modilions are 11 minutes, 
and their diſtance in the clear 234 minutes. 
co. Tux middle of a dentel ſhould be under the mid- 
3 Idle of a modilion, and the axis of the column paſſes 
of chrough the 9 of both n and modilion. 
ct- : 
1 of the CoMPosITE ORDER. 
Tuts order (the poor invention of the Romans, 
es. 4 and therefore frequently called the Roman order), is 
10- uſually compoſed of the Corinthian and Ionic; the 
lonic capital being ſet over the two lower rows of 
leaves in the Corinthian capital. 
to Palladio gives us the following general proportions. 
£ I. THE height of the column to be 10 modules. 
2. Tus height of the entablature equal to of the 
nd. column ; the architrave, freeze, and cornice, in the 


| proportion of 4, 3, 5 3 the freeze ſwelling like chat 


Jof the Ionic. 
as 3. HrIOHr of the pedeſtal to be; x of the column. 
| 4. Hercur of the Capital equal to 1+ module; of 
es, which the abaco is + module, its horns projecting 
n- rom the center of the column 1 module. 
a 5. Herron of the baſe 314 minutes, and 1 its great- 
ter Weſt breadth 14 modules. 
he , 6. Diumvriox of the column equal to 3 minutes. 
d, | 7. In colonades,” the intercolumniation is 15 mo- 
ti- dules. 
6; 8. In arches, and: the W ſet on pedeſtals, 

u- Diſtance of the columns from middle to middle 
er is 74 modules. | 
: Height of the arch equal to 124. modules: In 
of che clear, the height is to the ſpan as 5 tO 2. 
of The 


58 Te Dobs- bein and 7 1 
- The breadth of the pilaſters between the column | 1 


: and arch is 2 modules, or 42 minutes. oh 
' In this ordet the ſhaft; if fluted; is to have 24 | i 
n and 24 fillets, one between each two flutes. 
Tux volutes of the capital arè angular, to have the Bi 
ſame appearances on every ſide, and they are > drawn 1 
like thoſe in the Ionic 9 
The modilions in this: order are n into two 
faces; with an ogee between them; the breadth of the 
lower face 9; minutes, that of the upper 122; the i 
diſtance of two modilionis at the upper faces is 20 
minutes, and at the lower faces 2 3 minutes; the axis 
0 the ln paſſing nnen che enen of: a -modi- Wt - 
Wn. . 


| Preparatory to tbe directions for 9 either of (* 
the Orders, it may be proper, for the uſt of ons 6: 
ners, to ſnew how. bo | 
70 ar aW the Mouldings i 1 Ar leans,” 5 1 
Tux terminations, or ends, of flat members, are 
right lines. | 
Tus aſtragal, fuſarale, and torus, are rind 1 
by a ſemicircle. | 


(2k 70 deferibe the To orig. Fi ig. 1. Plate I. 
[I | ; Ou an, its ee deſcribe a ſemicircle. - bs 
f . 


- To mate an n Ovole, whe breadth 15 AB. Bi . 2. 
LET ac =+ or 4 of as, and draw oB. | 

9  Maxe the angle cBp equal to the angle 3p. 
1 N Then the interſection of Bp with ca will give 9 
N the center of the arc Bc. © | 
| Ox, Deſcribe: on Be an equilateral angle; and 
make the vertex the center. 

Tr HE former of thele methods: is the moſt graceful, 
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To make a Cavetto, whoſe breaath is aB, Fig. 3. 
ter ac=: or 2 of as; draw Bc, and produce 
the bottom line towards p. 

Mak an angle gc equal to the angle csp. 
Tax p, the interſection of op with Bp, is the cen- 
Rh er ſought. 

os, On vc deſcribe an equilateral triangle, and . 
two vertex will be the center: But this method is infe- 


the {rior to the former, 

the Wl 

20 To make a Scotia, whoſe breadth is AB. Fig. 4. 
axis Mate Ar equal to + of as. 


On ar deſcribe 455 ſquare AC, and © on BF, deſcribe 
be ſquare. Bp. 

TFT © 1s the center of the arc Erz and D thy 
enter of che arc FG, 


in- T5 
To 0 8 a Cima, whoſe breadth 6 is AB. F ig. 5 
Lr ac equal to about +7 of as. Prob. NIV. 
arc BE Draw the right line eg, which biſect in s-. 
O cy and pz, make iſoſceles triangles, whoſe legs 
ated pr, DF, may be (by Prob. XIV.) each + of the bale, 
cv, on; and the vertexes E and F, * be the centers 
f the arcs cp, ps. | 
On, the centers E, r, of the ares op, ps, may be the, 
= ertices of equilateral triangles deſcribed on the 
Tight lines cp, ps : But the curvatures found by 
2. he former way, have the moſt agreeable appear. 
N ance. 
e D To make. a Gal, or Ogee, whoſe breaath is A3. 
Pig. 6. 
and | om AC equal to Aout; 3 of AB. 
Draw the right line cs, which biſect in p. 
ful. Tuxouch Þ draw the right line Er, ſo, that the 


| angle cpz may be equal to the angle pct ; meeting 
7 the upper vi Ter lines i in E and p. 
20 
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given. Fig. 7. 


| parts at pleaſure, ſuppoſe 4; and through thoſe Y 
points draw the lines 1,1; 2,2; 3, 33 4, 4. © | 
Divive the line on into a like number of equal | 


ties N, a, b, c, E, will limit the gradual diminution 


ready in practice. 


bending of the ruler will give the gradual diminution 


1 - 
* 4 — * — * * * n * * 
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Tux x is the center of the a arc op, and r the cen- if 
ter of the arc DB, | 


To deſcribe the curve joining the 5 of a column | f 1 
with its upper or lower fillet, the projection of AB 1 i 

Maxz Ac equal to twice aB. 

Dzraw ep parallel to as, and equal to + . AG. 

Thx p is the center of the arc cs. 


To draw the gradual diminution of a Column. Fi ig. 8 


Draw the axis as of the intended length of the F 
ſhaft; and parallel thereto, at half a module diſtance, 
draw cp; make ct equal to half the proper diminu- 


tion, and draw Er parallel to Ba. i 
MaxE AG equal to one third of AB; and fo high 
is the ſhaft to be parallel to its axis: through G draw 9 
HI at right angles to as. | 
Ox nr deſcribe a ſemicircumference cutting the 
line EF in the point 4; divide the arc H4 into equal 


parts, as at the points a, b, c; and through theſe 
points draw lines parallel to n; making aa=1,1 ; 
Sb 2, 2; cc= 3,9. * 

Turx a curved line drawn through the extremi- 


required. 
Palladio deſcribes another method, which i is more 


Lay a thin ruler by the points D, H, E, and the 


required. 


To deſcribe the Valute of the Tonic order. Figs. , 10. 
The altitude az, which is 4 of a module, or 265 
minutes, is divided into 8 equal parts, viz. 4 from c 
to 


cen. 


ſhew how the 12 inner centers are uns where they 
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| to a, and 4 from c to B ; upon cD=32, one of theſe 
parts, a circle is deſeribed, and called the eye of the 
volute, which eee with the aſtragal of the 


column. 


PALLADIO gives the following manner of findin 
the 12 centers of the volute, which he diſcovered on 


an old unfiniſhed capital. Fig. 9. 


W1TaiN the eye of the volute inſcribe a ſquare, 


EX whoſe diagonal is cp; in this ſquare draw the two di- 
= ameters 1,3 2,4; and theſe four points I, 2, 35 43 
are the centers of the arcs Af, IB, B 3. 345 which 
forms the firſt revolution. 


Tux centers of the arcs forming the Sad and 


chird revolutions are thus found; ſee the eye of the 
volute drawn at large. 


Fig. 9. 8 
Divips the radii or, oa, og, 04, each i into 3 equal 


parts, as at the points 5, 6, 7, 8, 9, 10, IT, 12, and 
W theſe will be the centers of the remaining arcs, the 
laſt of which is to coincide with the Point 6.0 the 
eye. 


GOLDMAN obſerving, that in iis conſtruction, the 


ends and beginnings of the arcs were not at right an- 
ales to the ſame radjj, contrived the following con- 
ſtruction. 


See Fig. 10. and its eye drawn at large. 
Upod one half of c, deſcribe the ſquare 1, 2, 3, 


4 and draw the lines 02, 03.; divide or, 04, each 
into 3 equal parts; then lines drawn through thoſe 
1 points parallel to 1, 2, their interſections wich 1,4; 
6,2; 0,3; will be centers of the volute. 


80 the points, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
will be the centers of the twelve arcs which together 


form the outward curve of the volute. 


In either method, the centers of bed inner curve 


may be thus found. 


Tak og equal to 2 of ol; . oa into 10 


0 equal parts, and theſe diviſions will give centers f 


the inner curve; the two eyes drawn at large will 


are 
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are diſtinguiſhed by large points; the 12 centers «|| 


the outward curve being marked by the figures. 

In the deſcribing of theſe volutes, it will — L 
happen, that the laſt quadrant will not fall on its true 
termination, occaſioned by the radii of the ſeveral 
quadrants not being exactly taken by the compaſſes: 3 


In order to avoid this inaccuracy, at leaſt in ſome 


degree, here is ſubjoined a table, ſhewing the length [ 
of each radius, computed” from Goldman's method: 


But it may alſo be applied to mage Ss, the radius 1 
of che largeſt quadrant not differing 3 of a minute, Y 


or 2&5 Of a module from the truth; and excepting 
the arc deſcribed from the firſt center, the reſt may il 
be made quadrants in the ſame manner as ſhewn | in 
Gamen S method. 


The table is l in the following manner. 9 
For the outward curves. 1 
"CA = (2 AB = 13˙ * , I. 4. =(00 = + c0= 0 
12=) 5 DRE WR bh ; | 8 3 5 1 
1 208 = 23 then 1 a = 22 | 5 = ; and 
58 fs "3h 
4. 4. | | | | 
—_— 4-5-== (4 of 5 =) A; then © — 44 = if 
140 2 o "7 , 
—_— 5 pt 8. 5 == N 8 | 
..3- | | 
For the 105 ard curve. ä 
da of nt. and ar Def = -: Alſo the 
rim ad 11 =, | 9713 1 1 
23 22 
No (1A or) 6 — 2 = 
== = ik radius. | 
And the reſt of the radius's are eaſily made out. 


— 


A TaRLI 
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4 Tabs of the lengths, in minutes, of the ſeven 
ntl ral radii of the outward and inner volutes. 

true ES _ ' 1 
eral 


„F ET RS 
N- | Outward, | - Inward + [to parts of 1ſt rad. 
1 Rad. Curve. Curve. {{Outward: Inward. 
— TIER MAPENITTLNNER — EEPDETTST 
1 . ; bog . PRE * | 8. 
1 2 14.166048 12,604 | 100,000 | 88,969 
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3,055 25882 21,568 | 20,343 
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4 12 I3,725 | 13,475 


t. BS To uſe the firſt part of this table, a ſcale of £ of 
a module. ſhould be made, and divided into 15 mi- 
nutes, and the extreme diviſion decimally divided, 

whereby: the lengths, of the ſeveral radii may be 
= faken : But as the ſector is an univerſal ſcale, there 

II | | are. 
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are two other columns added, applicable to the ſector; 
where the longer radius 14,166 3 is made a tranſverkſ 
diſtance to 10 and 10, or 100 and 100, on the line 
of lines ; and all the other radii of both curves are 
proportioned thereto: Now the centers of the curves 
being found as ſhewn in the eyes of the volute, the 
ſeveral radii may be taken from the ſector, and the 
curves more accurately deſcribed than by any other 
method. 

By the help of the preceding table, the centers of 
the arcs may be found (without the trouble of divid- 
ing the eye of the volute) in the following manner. 

Lav the firſt radius on the line AB, from 4 towards 
the eye; and it gives the center of the firſt arc at : 
Through the ſaid center, draw, at right angles to the 
firſt radius, a line meeting the firſt arc A1 in 1; 
and on this line lay the ſecond radius from I to- 
wards the eye; and it gives the center of the ſecond 
arc 1.2. From this center, and at right angles to the 
laſt radius, draw a line meeting the ſecond arc I.2 
in 2, and on this line apply the third radius from 2 
towards the eye, and it gives the center of the 
third arc 2.3. Through this laſt center, draw a 
line at right angles to the laſt radius, meeting the 
laſt arc 2.3, in 3; and to this line apply the fourth 
radius from 3 towards the eye, and it gives the 
center of the fourth arc 3.4. And in like manner 
the centers of all the arcs both of the outward and 
inward curves of the volute may be expeditiouſly 
and accurately obtained by the heip of the table. 


To deſcribe the Flutings and Fillets in channelled co- 
lumns. Fig. 11. 

Ix the Doric, the cireiinlbriais af the column be- 
ing divided into 20 equal parts (here the + circumfe- 
rence is divided into 33), of which ah is one; on 40 
deſcribe a ſquare, and the center © of that ſquare i Is 
the center of the channel or Nute required. 
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ix the Ionic, and Coriathian, divide the circum- 


ference of the column into 24 equal parts (here the 
2. circumference is divided into 6), of which ad is 
one; divide ad into 4 equal parts; then ae == 4d 
is the breadth of the flute, and ed = ud is the 
breadth of rhe filler. 


Taz flutes are ſemicircles deſcribed on the chords 


| of their arcs in the column. 


Ix the three following tables ie -covraltied the 
heights and projections of the parts of each order; 
| according to the proportions given by Palludio; the 


orders of this architect were choſen, becauſe the 
Engliſh, at preſent; are more fond of copying Ris 


productions, than thoſe of any other architekt. 

Tx firſt table ſerves for the pedeſtal, the ſecond 
for the column, and the third for the entablature, of 
each order. Each table is divided into ſeven printi- 
pal columns: In the firſt, beginning at the left hand, 
is contained the names af the primary diviſions; in 
the ſecond, thoſe of the ſeveral diviſions and mem- 
bers in the orders; and the other five; titled with 


Tuſcan; Doric, Tonic, Corinthian, Roman, contain the 


numbers, expreſſing the altitudes, and projections 
| taken from the axis, or middle of the column, of the 
ſeveral members belonging to their correſponding 
orders. 

Tus column containing each order, is divided; 
firſt into two other columns, one ſhewing the alti- 
' tudes, and ſigned Alt. and the other, the projections, 
and ſigned Proj, Each of theſe is alſo divided into 
two other columns, one containing modules, and 
- fiatked Mo. and the other, the minutes and parts, 
and marked Mi. 

Unpes the table of the pedeſtal there is another 
, F -- table, 


= — — 
. "=; 
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table, ſhewing the general proportions for the heights | 

of the orders, | 

IVS each of the orders of architecture, the height of | 

the order, and the diameter of the column, have a 

- conſtant relation to one another. | 

THEREFORE, if the diameter of the column be | 

given, the height of the order is given alſo: And | 

having determined by what ſcale the order-1s to be 

drawn, ſuch as 4 inch, 1 inch, 2 inches, Sc. to a 

foot or yard, Sc. Take from ſuch ſcale, the part 

_ or parts expreſſing the diameter of the column, and 

make this extent a tranſverſe diſtance to 6 and 6 | 

| (i. e. 60 and 60) on the ſcales of lines, and the || 
hs | ſector will be opened ſo, that the ſeveral proportions 

of the order may be taken from it. 


-Fxax. Suppoſe the diameter of a column is 10 be 18 
inches ; and the drawing of the order is to be delineated | 
From a ſcale of an inch to a foot : that is, the diameter 
_ the column in the drawing i is to be an inch and half. 


: . Maxz the tranſverſe diſtance of 6 and 6, on the 
| "ko of lines, equal to 1+ inch, and the ſector is 
fitted for the ſcale. 
I,x the height of the order is given, divide this 
height, by the height of the order in the table; and 
the n will be the diameter of che column. | 


10 What muſt be FY Kanter of the ew; in 


the lonic order, when the whole beigbi of the order is 
fixed at 18 feet 6 inches. | 


: Tux height of as order in the able i is 1 3 mo. 
292 mi. 13 — = 8 modules: And 18. f. 


gs 6 in. 


| of Mathematical Inſtruments. 67 


6 in. = 18,5 feet. Therefore = 1,3709 feet 
1. 42 inches nearly: And the ſector may be 
fitted to this, as before directed, according to the 
intended ſize of the draught. 


To delineate an Order by theſe Tables 


 Havine determined the diameter of the column 
at bottom, and ſet the ſector to the intended ſcale, 
draw a line to repreſent the axis or middle of the 
order. | 5 
Ox this line, lay the parts for the heights of the 
pedeſtal, column, and entablature, taken from the 
table of general proportions. | | 


WiTain each of theſe parts reſpectively, lay the 


ſeveral altitudes taken from the tables of particulars, 
under the word Alt. Through each of the points 
marked on the axis, draw lines perpendicular to the 
axis, or draw one line perpendicular, and the others 
parallel thereto. | 

Ox the lines drawn perpendicular to the axis, lay 
the projections correſponding to the reſpective alti- 
tudes; theſe projections are to be laid on both ſides 
of the axis, for the pedeſtal and column ; and only 
on one ſide, for the entablature : join the extremities 
of the projections with ſuch lines as are proper to ex- 
preſs the reſpective mouldings and parts: And the 
order, excluſive of its ornaments, will be delineated. 

As the altitudes of many of the parts are very ſmall, 
it will not be convenient, if poſſible, to take from the 
ſcale of lines, ſuch ſmall parts alone; therefore it 
may be beſt to proceed as in the following example 
of the Tonic order, 


FA To 
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To confiruf# the Pedeſtal. Plate II. 


| In the line Ap, which repreſents the axis of the 


Aden take the baſe aa = 424 min., the die ad = 
1 mod. 35 min.; and the capital do = 224 min. 


Then to draw the {mall members in the baſe and | 


cornice, proceed thus, 


To the minutes in the baſe, 422, add ſome even 
number of minutes, ſuppoſe 30, aB, and the fum | 


725-18 equal to AB; then compoſe a table, ſuch as the 
following one, wherein the alt. of the plinth is ſub- 


tracted out of the No. 72-.; then the torus out of this | 
remainder ; then the cyma out of this remainder ; 


then the filler out of this; and laſtly, the cavetto out 
of this remainder. Thus, 


Min: 
Baſe with 30 minutes - - 72 
This leſs — the plinth, 282, remains - - 44 
This leſs by the torus, 4, remains - - 40 


This leſs by the fillet, ox, remains - - - 392 

This leſs by the cyma, 5, remains 347 

This leſs by the fillet, ob, remains - - - 32% 

This leſs by the cavetto, 34, remains - - 30, 
the minutes firſt added. 


Tux the ſeveral numbers in the table may be 
** from the line of lines on the ſector, and ap- 


plied from s towards a. Thus, 


Mare Bi = 44, Bz = 40, B72 =391, B4 = == 342, 


Bg 3373 draw lines through theſe points at right 
angles to aD, and on theſe lines lay the reſpective 
Projections, as ſhewn in the general table; then the 
proper curvature or figure being drawn at the ex. 
tremities of the numbers, the baſe of the e 
will be made. 

Ir will be found moſt convenient to lay off the 


num 


8 


F 22 
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numbers from the greater to the leffer ones; for then 
there is only one motion required in the joints of the 
compaſſes, which is, to bring them cloſer and cloſer 


every diſtance hid down. 


Any in the fame manner, for ha cornice of the 
pedeſtal, take a point C, 30 minutes below the cor- 
nice; and tabulare as before, 


Cornice with 30 min 524 D cp 
This leſs by the fillet or cap, 2 2, Jeon 50 =CT 
Ditto - - - ogee - - 3+, ditto 463 = c2 
Ditto - - - - -corona - - 44 - - 424 = 03 
Ditto - - - - fillet - - - 14 - - 40 = c4 
Ditto cyma - 54% - - 332 = C86 
Ditto - - - fillet - - - 14 - - 332 =c6 
Ditto - - - - cavett0 - - 33 30 cd. 


THESE numbers laid Rom c towards D, give the 
altitudes of the members of the cornice. 

In like manner the mouldings about the baſe and 
capital are laid down, by taking 30 minutes in the 
ſhaft both above the baſe and below the capital; 
having firſt ſet on the axis, the reſpettive heights of 
baſe, ſhaft, and capital. 

Thus for the Baſe. i 

The bale 334 min. with 30 added 6354. 288 

This leſs by the plinth 10 min. leaves 332 = 51 


Dito - - torus 3 46 ==:25 
Ditto - - - fillet 14 - - 444 283 
Ditto — - ſcotia 44 - - 402 284 
Ditto - - « - fillet 14 - - - - 284 =5s5 
Ditto - torus 54 - 332 86 
Ditto - - - - aſtragal 22 2 3141 = 
Ditto - - fillet 23S, + 30 288. 


88 is bee ſuppoſed to be 30, "though the plate is 
not high enough to admit 30 minutes to be laid in 
the ſhaft of the column. 


T3; For 
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For the Capital. 


Tus capital 242 with 30 added, gives 547 = =S 
This leſs by the plateband 125 leaves _ . 


Ditto ogee 33 

This leſs by the rim of volute i 
Ditto - - - hollow 54 
Died + - - -[- ovolo 75 


| Ditto - - - + aſtragal 37 
Ditto fillet - 15 


To conſtruct the Cornice. 


— 


_ 


— 


: rr 

- = 475 = "7. 
427 =F4 
35 =#F5 

313 r 
- - 30 =F7. 


In the axis take o — 36 for the architrave, Hy = 
27 for the freeze, and 1K = 46 for the cornice, Then, 
For the parts of the Architrave. 
To the freeze 27 add ng 36, gives 63 S 10 
This leſs by the firſt face 64, leaves 5 l 
Ditto - - fuſarole 14 - = 53 =12 


"Ditto -_- +» -{- 2d face g4 


Ditto - - - - - fuſarole 2 
Ditto - - 3d face 102 
Ditto ogee- 44 


4 


- = 4657 =13. 
- = 447% =14 
: 3475 = 15 
295 == 16; 


Ditto „ fillet - 25 5 = in. 


For the ale 


Tothe freeze 27 add the cornice 46, gives” 3 =HK 
This leſs by the filler - = 2+, 


leaves 704 Hu 


Die 1- Lima - - - 63:==82 
Ditto - - - - - fillet - - x - - - 624=13 
Ditto - - - - - ogee - - 3+ - - - 59 =H4 
Ditto * ls corona = 8 ow —- — 51 S2 5 
Difto - - - - - ogee - - 3 - - 48 26 
Ditto - - - modilion 7; - - 40 = 
Ditto - - - - - fillet - - 14 - - - 239 = 
Ditto - - ovolo . 6 -— - 32 ng 
Ditto - - fillet - - 1 - - 32 =n10 
Ditio- - - - cavetto- 5 - - - 27 Anl. 
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| TanBLEs may he made in like manner for either of 
2 he orders, to be taken from the ſector: The projec - 
ons from the axis being all of them large numbers, 
hey may be taken from the ſector ealily enough af- 
Wer it is let to the diameter of the column, as before 
een. 

= A LITTLE reflection will make this very clear, and 
perhaps more ſo, than by beſtowing more words 
heręon. 


| F 4 "= A [ a6Lz 


T AB LI 


A TAakLE E — "the Altttuaes and Projections i 
Order; according 70 tl 
TT: >, 1 Sa | -Hoeic.. 
Names of the Members. "Alt. | Proj. Alt. | Pro. | 
| . Mi. No. Ni. Mo. Mi. Mo. Mi 
Fille! — — | — — o 321 0 50 
Ogee * - - 1 — — — — 4 — — | — — 
(a Corona — — 1 — — | e ee ERS 8 3 
£ | Cima — - | —' Fj p — - 
O Aſtragal e — — — —— «hs — hs 
| [Oe - - - - [- 
Cavetto 8 — — — — | o | 3 
The Cornice „% {ae & 200 a=; © 
THE DIE - -| :] o[ o[4z| ri 2ol oi 4 
The Baſe 3 — * eee CLLR 0 40 | — 3 
N—— pong goo gong 20-14 penn 
Cavetto = = PTT 0 | 4 
; Ogee - ad wg — — — i: — — — . Dy 
Aj ' Filler 63 8 — — — — ; 14 ö $4 
Cima — 2121 | —| — — as 
Z orns .. = - .- — — — — | 
. f e 5 © 1-49 
| CPlinth Eh nc Ren _ — — —1— | 274 O | 50 
| A TaBLE of generd 
The Order - 9 44 — — — 12 | I 38 — — 
The Entablature 1 | 444] — = 153 — — 
The Column — 7 0 — — 8 WM =" — 
The — — 1148 10 
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1 
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very Mouldin 29 and Part in the Pede/tals * = 
UWP roportions grven 6 by Palladio. | 
tonic. | Corinthian. | Roman. 
. * Proj. | Alt. | Proj, 3 Proj. & 
Mi. [Mo | Mi. Mo. Mi. Mo. Mi. Mo.] Mi. Mo. Mi. 
23] © | 564 ©. 21 0 57 o 24 o 57 4 
„ % of 34 % of 311 o [$55] 
n 537 =: Is 543 1 542 
4] © | 5231 ©| 44] ©} $39 *| 551 ©] al 
12.2] a =| =] —|,={j-©| = 6 
 =| — o| a] of} of #—| | 
1 ö 
1:0] 44 ©] of ©] 48] — — wy — 
3 ee gg ENS 
i St: 3] © $45 CC 
2 5 O 34 434 E 
37 9 411 N IP _ att I. — — an 3. 
=] —L= La Xl te 
r 
r ͤ en 
24 — — 821398 _ 0 50 — — 5 
— — — co — — - —— — 1 — 
— — — * 2 — O 1 O 5 2 
32 © 414 — — — n S = 
5 O + . 115 | | WS: 61 | 
ms 4 e Gar — O 3 O N 
03 47] © by ol 7 |—=]—{|=] =] 
: "WM: E * 1 * 
„„ 
„ t of xd 
I ©j 4] 1 $7Þ © . 
288 o| 641 % 2 % 2 3 ol 57] 
Proportions for the Orders. 
3229 == === 
1149 — — 1] 54 — — 2.0 — |. — 
9 0 — 1 —| 9] 30 — ] — [04 of — — 
e og + ne 


TABLrtK: 


1 2 2 6 7 = g WY 
4 YaBLE, ſbewing the Altitudes and Projections Ne 
| | according to the Propor. 5 
| | -_ - 1. -\*' Tuſcan, - | Dore. 
Names of the Members. Aſt. | _ Proj. Ak Pro.. 
Angular Volute-— | — | — — | —| — | — 3 — 
4 EBRD. 8... et ee Lew | | [5 
7 —!ũ ] ð Ä , ̃ . M6 0 
., v IL By 2 ORR = — 
3 3 ̃ ; WIR 

— 4 Ozee - - © » —- © < © — — aa 3 2 | O 27 o | 31, 
| | 36! 0 

by 4 Abacus - - - - „TTT | 
— Vo- * orrim | — | —| — ———— -#- 
25 4 lute chan, or hollow — — — — — — | wo — — 
. V Ovolo - - - - . O 10 O 29 O 1 0 ip ot © 
< „ REES. 
+ q * q 1 , 1 — 
© . O 15 O 291 ö 

AA 0] 19: 5]. 26 05 11 „ #M- 
| 1 : : ORE: N 0 . © 271 * 
Gollarino 0 1 8 2224 © 18 © 6 OY 
; Middle Volute — - | -!! wn 
+ Þ Courſ.of leaves, ) 3d] — | — —— <| — << * 
e =[-} —{<{ -- 
| if. || i-| -- 
E. Aftragal - - - ( (To ra |= 
eee e © | 4 j © 27 2 33 © | 30 F-—- 
File: „% 14] o| 24] of 14 of lll © 
| \ : 5 5 | 357. 3 * - © C 
< * of the Column] 5 54x] © ; _ | 6 531 _ ; Y 

ieee 0 24,:0|' 338 © 1141 o | 3% 
. T U „ — 3 3 3 ; 1 ; ' DD. 

| orus = | O ct 2 367 
—B ! q V Pie] hn tin {= 0 
Fillet >» „ 0. — daſs — . — * 0 15 0 35 — 
— CET : ll: 
| Fillet - ©  w — — — Oy _— : O 14 ; O | 300 5 

4 Aſtragal — —— 1 we — — — — — | — 

A J)) ( £128: Rn 
. ..... v > 
Fillet ” © — oo — — 1 — — 1 3 <= SPE: — 
| CPlinth 3 Le 15.0 9 4 10 os 40 0 
F f ̃ ß —M- 
| Shaft = 8 — 22 — — oF 81 — — 5 
Capital - --| ol 30' —| 0 30 | — | —| — 
5 = {hs Hy _ 4 — — 0 


B EE UN 


er Moulding and Part in the Columns of each Order i 
Por-WWions given by Palladio. — 
1 Ionic. Corinthian. | Roman. 
Y 8 At 4 Fo. |. Alt | Frop j Ak Proj 
us. Mi. | Mo. Mi. Mo. | Mi Mo.] Mi. Mo. Mi. Mo. Mi. 
_—O | 266] o| 415 12 % 41 | o | 254] of 35 
—M-|-|-|—-| 33 e| 45] | 3] of 44! 
"Mi o| | o| 314 o| 14 o| 42] of 14] of 424 
| qEFE-] | 5 | 9 © RS 
375 wy ON Re O 24 — 1 . 
* . \ . | 
35 | © 37 » — 1 — — ( — — DR 
43 0 | 39} = an] — ooo ̃ ee es 
_ 0. 7 bs ( ns | oj 53} 64, a 
| — — — — — — — of 3] 0 26 
29, | — — — — — — — — —— — 1 
0 | a= ent = ef oo RS 
277 + 2 3 oe 1 2 EEE * 1 3 3 3 | 
20 „ 1 ih Wn EE N | — i 3 WL 
— Wee: x 
=M-|-| =| -| | | — = 
. e ok as o-| 5 — | | ©] 
1 — — — o 20 0 41 o| 20] o| 39] 
e NS 
23 F o | 34j of 30] | 4 nr. 
20 0 | 15} ©} 284 © 4: 34] 047 28-017 
26 | | 26 26 
5, 8 2H 70 | pu 7 40 0 13 5 9 ö Do — 
2 0 14 O 33 A 14 O 332] 0 114 8 34 
30 r © | ng ne 
— [5-9 ]|-37| o|:5| © | 34 ©] er 37 
MELEE] —}| | 12 <7. ii 
1: | 25] | 344] 0% ©| 34] % % © 35% 
3% / 4 | —| | -4 == SF. 
| o 18 01-237] of of oj 32 | © a a= 
_ | — ITT 
JJ K io 2 
> —_ — — — — — — — O * — — | 
wlll] || -|—|=|-| -| o| | oe 389- | 
40 0-2 -O© 41 off 7:1 0-481 6] FLAEMS 
—W|_o'w| of 4i{'of of o|-4qaſ of ox of 4= | 
A 
— |._3 | 104] — — EI 9 —| —| 8| 184} —| —f 
—K 21 19; — — 1 [| — 1 j 10} * 4 
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U TABLE, n he . and Prajections i 
1 Order; according to the Pri. 
| EN | T uſcan. | | Doric. 
Names of the Members. Alt. Proj. Alt. . Proj. 
8 | Mo. | Mi. Mo. Mi. Mo. Mi. Mo. Mi. 
"Fillet - - - -|.o 32 I 61-0 3 |. 16 
| Dima — = © O I 10 — — 0 — — 
N ] fillet = - 2 0 54x] © 81 £ 
| J Ogee > TT!!! $a $a PS _ | ” 7 
Corona 0 O IO 2 524 | | 0 1 45 
| Ovolo - 5 O 9 WS 42 0 0 393 
Fillet or Aſtragal 9 . 
f Ogee D8——— 21 — aw 1 es; — — — — 
Face | =o} ne {nent {hn ee BEER 
Modilion à Ogee | —| —{| —j| — | — 8 
4 it Face | — | ji i} — | 
7 . S20n Win: en ow 
Ovolo - - - -| —| — | —| — | — © — 
Ogee : 4 ——— = | — — — — — — 
| Fillet a * ® * — | . — — — | — 
// ĩ0— nn TS, EA Dn wi 
| Aſtragal - - -|—| —| —| — | — — 
Fillet — ©. * — | — j}. eo —— 3 | — 2 
k Ogee ik Bs BT» * þ — — * — qi 
4 'Cavetto + -. 0 7 o| 23x] © 190 
Prigliphs Capital — — — — o 0 
The Cornice - - 432 — | — 0 — 
THE FREEZE -| O 2 | o| 225] o | 45 | © 
The Architrave. | 0 3 — — „ 3o |'= 
„„ O | 2 O 27% O . | 
| Cavetto - — | — = — . — = = 
Ogee—————:—— 
* Aftragal or F "DIP !; ones Þ ane 1 Ge 
1-1 Therd Fee — —— j = — 
Aſtragal or Fuſarole|- — | — | | — | — | — | 
Second Face! « -o o 24 | o | 144]. © 
Ogee — 2 14—— — — — — — 
eee =] — Law | mot ow 
EFirſt Face y o | 1231 ol 224) o | 111 26 
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33 FF = 
} Some Uſes of the Scales of Polygons. Pl. VI. 
| | "PROBLEM XVL — 


In a given circle, whoſe diameter is as, to inſcril 
a regular octagon. F ig. 22. 


SoLuTION. Op Ex the legs of the ſector, till th 
tranſverſe diſtance of 6 and 6, be equal to as; 
Then will the tranſverſe diſtance of 8 and 8, 
the ſide of an odtagon which will be Hoferibe3 
the given circle. 
Ix like manner may any other polygon not exceed: 
ing 12 ſides, be inſcribed in a given circle. 


PR OB LEM XVII. 


On à given line aB, to Aſeribe 4 regular pentagen | 
Fig. 2 3- | 


SouuTION. iſt. Make as a tranſverſe diſtance tog 
5 and 5. 
2d. Ax that opening of the ſector, take the trau 
verſe diſtance of 6 and 6; and with this radius, on! 
the points 4, B, as centers, deſcribe arcs cutting in Ce 
2d. On c as a center, with the ſame radius, de- 
ne a circumference paſſing through the points ay 
; and in this circle oy the pentagon, whoſe ſide i 
wx be inſcribed. | 
By a like proceſs may any other polyg gon, of not 
more than 12 ſides, be deſcribed on a given line. 
I ux ſcales of chords will ſolve theſe two problems, i 
or any other of the like kind : Thus, | 
In a circle cohoſe diameter is àB, to deſcribe a regular 
polygon of 24 fides. Fig. 24. 4 
Soor. ft. Make the diameter AB, a tranſverſe 
- diſtance to > 60 and 69, on the ſcales of chords. 4 
2d. 
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2d. Divipz 360 by 24; the quotient gives 18. 

3d. Tax the tranſverſe diſtance of 15 and 15, 
and this will be the chord of the 24th part of the cir- | 
cumference. 

As there are great difficulties attending the raking 
of diviſions accurately from ſcales ; therefore in this 
problem, where a diſtance is to be repeated ſeveral 
times, it will be beſt to proceed thus. 

Wirz the chord of 60 degrees, divide the circum- 
ference into ſix equal parts. 

Ix every diviſion of 60 degrees, lay down, 1ſt. The 
chord of 15 degrees. 2d. Ihe chord of 30 degrees. 
3d. The chord of 45 degrees, beginning always at 
the ſame point. 

* Is methods like this be purſucd i in all ſimilar caſes, 
the error in taking diſtances, will not be multiplied 

into any of the diviſions following the beſt. 
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SECT. XIV. 
Some Uſes of the Scales of Chords. 


HESE double ſcales of chords, are more con- 
venient than the ſingle ſcales, ſuch as deſcribed 

on the plain ſcale ; for on the ſector, the radius with 
which the are is to be deſcribed, may be of any length 
between the tranſverſe diſturate of 60 and 60, when 
the legs are cloſe, and that of the tranſverſe diſtance 
of 60 and 60, when the legs are opened as far as the 
inſtrument will admit of. But with the chords on 


the plain ſcale, the arc deſcribed, muſt be always of 
the {ame radius. 


PROBLEM 


80 . The Deſcription and Uſe 


PROBLEM XVIII. 
To protract, or lay down, a right lined angle, 8 ac, 
which Jas contain a gi ven number of degrees. Pl. VI. 


0 as I. When the degrees given are under b0 : Sup. 

Poſe 46. Fig. 25. 
1ſt. Ar any opening of the ſector, take the tran. 

verſe diſtance of 60 and 60, (on the chords) and 
with this opening, delcribe an arc xc. 

2d. Takz the tranſverſe diſtance of the given de- 
| grees 46, and lay this diſtance on the arc from any 
point B, to c; marking the extremities 3, e, of the 
ſaid diſtance. 

3d. From the center A of the arc, Ale two lines 
Ac, AB, each paſſing through one extremity of the 
diſtance Be, laid on the arc; ; and theſe two lines will 
contain the angle required. 


Cask II. When the degrees given are more than 60: 


Suppoſe 148. 
Iſt. DescrisBE the arc BCD as before. 


2d. Taxz the tranſverſe diſtance of or 4; of the 


given degrees 148; ſuppole 4 497 degrees ; lay 


this diſtance on the arc thrice; vix. from B to > 4, 


from à to b, from þ to v. 
3d. From the center a, draw two lines àB, Ap; 
and the angle BAD will contain the degrees required. 


When an angle containing leſs than 5 degrees, ſuppoſe 
' 3x» #5 40 be made, it is moſt convenient lo proceed thus; 


1ſt. DEScRIBE the arch DG with the chord of 60 


degrees. 
2d: FROM ſome point D, by the chord of 60 de- 
7 to 6; and the chord of 562 degrees (==60%— 
*1) from D to E. 
ah” Lis drawn ftom the center 4, through 6 
and x, will form the angle act; of 3+ degrees. 
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Ir the radius of the arc or circle is to be of a given 
length; then make the tranſverſe diſtance of 60 and 
60, equal to that aſſigned length. 

Tuxsk ſcales of chords on either leg of the 
ſector, may be uſed ſingly ; in the manner directed 
in the uſe of chords on the plane ſcale. 

From what has been ſaid about the protracting of 
an angle to contain a given number of degrees, it 
will be eaſy to fee how to find the degrees which are 
contained in a given angle already laid down. 
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PROBLEM. XIX. 


To delineate the viſual lines of a ſurvey; by having 
given, the bearings and diſtances from each other, of the 
fations terminating thoſe. viſual lines. 


Exam. Suppoſe in the field-book of a ſurvey the 
vearings and diſtances of he ſtations were cxpretied 
as follows : 


© — Station. 
B ——— Bearing. 
D Diſtance. 
© 1. B 70 1080links, | 
© 2.B128 10 D 580. 
© 3.B 32 15 D. 605. 
© '4.B287 30 D 766. 
© 5.B 5045 D 940. 
© 6.B273 55 Dio85. 
O 4.B18325 D 700. $ 
ReturntoD314in@7. © 8.B13330 D g1o0to©5. 
© 9.B18630 D 3goto©®2. 
ReturntoD 7008 27. O10. B 209 20D 668 Fo 
| [ift D 
Returnto@ 10. 011. B275 30D 800. 
G12. B71 50 D 784001. 
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Tux age are counted from the North, Eaſt- 
ward. Therefore all the bearings under go degrees, 
fall between the N. and E. or in the iſt quadrant. 

BraRIx OS between go? and 180), fall between the 
E. and S. or in the 2d quadrant. 

Tnosk between 180˙ and 2709, fall between the S. 
and W. or in the 3d quadrant. | 

AND thoſe between 270® and 360", fall between the 
Wi. and N. or in the 4th quadrant. 


SoLuTION. 1ft. Take from the chords the tranf. 
verſe diſtance of 60 and 60, (the ſector being opened 
at pleaſure, the larger, the better) with this radius 
deſcribe a circumference, and draw the diameters 
NS. WE. at right angles. Pr. VI. FiG. 31. 

2d. The firſt bearing 70. 50". is in the firſt qua- 
drant ; but being more > than 60, take the tranſverſe 
diſtance of the half of 70%. 50, and apply this extent 
in the citcumference twice from N. towards E, and 
the point correſponding to the 1ſt bearing will be 
obtained, which mark with the figure 1. 
3d. The ſecond bearing 128* 10, falls in the ſe- 

cond quadrant 3 its ſupplement ro 1805 is 51* 50, that 
is, 51* 50 from the S. point. Now take the tranſverſe 
diſtance of 51* 50, and apply it in the circumference 
from S. towards E, and the point correſponding to 
the ſecond bearing will be found, which mark with 
the figure 2. | 

4th. The 3d bearing 32* 15, is to be applied from 
N. to 3: The 4th bearing 287 30, is in the 4th qua- 
drant; therefore take it from 360%, and the remain- 
der 72 300, is to be applied from N. towards W. 
and the peint 4, rprrlenting the 4th bearing, will be 
known. 

In this manner proceed with all the other bearings, 
and mark the correſponding points in the circumte- 
- rence with the numbers 5, 6, 7, Ec. * to the 
number of the bearing or ſtation. 


5th, 


@ 0 


Ae A Q. & 


fn 


19 — re Y%V * t 


— — Ci TY CT 3 


= — 


of Mathematical Inſtruments. 87 


5th. Chuſe ſame convenient point on the paper ta 
begin at, as at the place markt © 1. Lay a parallel 
ruler by c the center of the circle, and the paint in its 


S circumference marked 1, and (by the help af the 
| ruler) draw a parallel line thro © x, the point choſe 


for the firſt ſtation, in the direction of the (ſupꝑpaſed) 
radius Ci; and on this line lay the firſt diſtancę; that 
is, take from a convenient ſized ſcale of equal parts 
the extent of 1080, and transfer this extent from © 1 
to & 2; and this line will repreſent the firſt diſtance 
meaſured, laid dawn according to its true poſitian in 
reſpect to the circle firſt deſcribed. | 

oth. Lay the ruler by the center C, and the point 
in the circumference noted by the figure 2, and Ba- 
rallel to this poſition of the ruler, draw thro* the point 
© 2, a line © 2 © 3, in the direction of the (ſup- 
poſed) radius C 2, and on this line lay from & 2 to 
© 3 the extent 580 taken from the ſame ſcale of 
equal parts the 1080 was taken from; and this line 
ſhall repreſent the ſecond meaſured diſtance laid 


down in its true poſition relative to the firſt diſtance. 


PROcRRD in this manner from ſtation to ſation 
until the line © 7 © 10 is drawn. | 
7th. Take from the ſcale of equal parts 314, ſoar" 
apply this extent in the line © 7 © 10 from y tõ 
© 8, and the relative point, where the eighth ſtation, 
was taken, will be repreſented by the point O8; then 
by the parallel ruler draw the line © 8 © 5, in the 
direction of, and parallel to, the (ſuppofed) radius 
C8; and if the preceding work is accurately per- 
formed, this line will not only paſs through the point 
© 5, but the length of the line G 8 @ 5 will be equal 
to 510, as the ſtation line was meaſured in the field. 
8th. Now as the ꝙth ſtation falls on the ſame point 
as the 5th ſtation did, draw the line ©9 @ 2, and 
this line will not only be parallel to the (ſuppoſed) 
radius C 92 but will alſo meaſure on the ſcale of equal 
| G 2 parts 
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parts 390, the length meaſured in the field from the 
9th ſtation. 

gth. The roth ſtation is taken from the end of the 
line 500 meaſured from the #th ſtation; therefore 
drawing from © 10 a line parallel to the (ſuppoſed) 
radius C 10, this line will concur with the firſt mea- 
ſured line at the diſtance of 668 from the point @ 10, 
Toth. Returning to © 10 again, the ſame point is 
taken for the 11th ſtation, and the line G 11 0 12 is 
to be drawn parallel to the (ſuppoſed) radius C 11, and 
to be made of the length of 800 from the ſcale of 
equal parts ; and this will give the point © 12 for the 
12th ſtation; Then drawing the line O 12 O1, if 
the operation is every where truly done, this line will 
not only be parallel to the (ſuppoſed) radius C 12, 
but will alſo meaſure on the ſcale of equal parts 784, 


the ſame as was meaſured in the field 1 in proceeding 


from O 12 to © 1. 

By ſuch methods as theſe, the ſurveyor obtains a 
cheque on his work, and can make his ſurvey cloſe 
| (as tis called) as he proceeds. 

Tu drawing of the viſual lines of a ſurvey i is, 
tho' an eſſential part, but a ſmall ſtep towards the 
making a plan; for the remaining part of the work, 
the reader is reter'd to the treatiſes already extant on 
that ſubject, 

War has been ſaid about the delineating of the 


viſual lines of a ſurvey, may be applied to navigation 


in the conſtruction of a figure to repreſent the vari- 
ous courſes and diſtances a ſhip has ſailed in a given 


time, called traverſe failing ; for the courſes are the- 


bearings from the Meridian, and the diſtances ſailed 


are of the ſame kind as the diſtance between ſtation 


| and ſtation in a ſurvey. 


SECT. 
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SEC r. 3 
Some Uſes of the Logarithmic Scale of Numbers. 


EFORE any operations can be performed by 

this ſcale, the notation, or the eſtimating of the 

values of the ſeveral diviſions, muſt be well known. 
Lr the ſector be quite opened, like a ſtreight 


ruler. 


Ir the 1, at the beginning of the ſcale, or at the 


left hand of the firſt interval, be taken for unity, 


or 1; then the 1, in the middle, or at the end of 


the firſt interval and beginning of the ſecond, will 
expreſs the number 10, and the 10, at the end of 
the right hand end of the ſecond interval, or end of 
the ſcale, will repreſent the number 100. So that 
the diviſions of the beginning, middle and end, 
will repreſent numbers in the ratio of 1, 10, 100: 
So that | 


If the firſt is 10, the middle is 100, and the Jaſt 1000 


| , OO, = = = - = I000, = - - - I0000 
1 » 
Or _ — — „ Rt har I G 2 10 
1 x 
, * — CY — _ — 1 6% % „%% aan» 1 


And the primary and intermediate diviſions in each 
interval, muſt be eſtimated according ro the values 
ſet on their extremities, viz. at the beginning, mid- 


dle and end of the ſcale. 
In arithmetical multiplication, or diviſion ; the 


parts may be conſidered as proportional terms; for 


in ſimple multiplication; as unity or 1, is to one 
factor; ſo is the other factor, to the product: And 
in diviſion ; as the diviſor, is to unity; ſo is the divi- 


dend, to the quotient ; or, as the diviſor, to the di- 


vidend; ſo 1 is unity to the quotient, 


G 3 NOW 


18 
11 
1 
: 


, 

* 

o Ig 
1 
Y 
i 
- 
| 

: 

: 

N 

3 

: 
- 1 
9 Ss 
: 

„ 

7 
e 
45 by + 

9 2 

AA, 

1 

2 

. 4 

> 

'« 

N 9 
ii 
4 * * 

260 = N 

* 

? , 
"** 
4 5 
* 
4 
1 
8 L 
7 1 
3 
I 
& 
2 
— 
14 
* w 
. 
: : 

uy 4 

* 

> © 
bas - 
5 

* 
2 

* 

os 

16-4098 

1 

1 K 

. 

I; 

1 py, 

39 

4 

* = 
* * 
* 4 
wi. 42 
25 4 
= 
an? 4 « 

#455 . 

+3 

2 1 

+ 4 ; 

"#4 
+. 
3 
val 3 
4 
1 —< 
1 
3” 
1 
2 
. 2 
. "1 
19 
18 2 F 
= 3 
Ts. 
TSX 
F ® 
2 = 
* 

Fe; f 
. * 
3 
. 

W 2 } 
. 

i 
1 4 
4 

1 

7 4 

4 
= 
" 
30 

AF 

k 
133 - 

> 44 

2 * 
8 
. 
T2 
0 

* 
1 
5 T5 
p 
F 
* 
; : 
t 1 


- ” . — „ „ 
N RY r 
— — - a + - 


. 986 The Defeription and Uſe 


Now as the common logarithms of numbers, ex. 
preſs how far the ratios of their correſponding num. 
bers are diſtant from unity ; it follows, that of thoſe 
numbers which are proportional, that is, have equal | 
ratios; their correſponding ry, os will have equal 


ihtervals, or diſtances : and hence ariſes the rule for 
working proportionals on the logarithmic ſcale. 
Rur. Set one foot of the compaſſes on the point 


or diviſion repreſenting the firſt term, and extend the 


other foot to the point repreſenting the ſecond term: 

Keep'the compaſſes thus opened; ſet one foot on the 
point expreſſing the third term, and the other foot 
will fall on the fourth term, or number ſought. 


Exam. I. What is the product of 3 by 4? 

Sorvriott. Set one foot on the 1 at the beginning, 
and extend the other to 3, in the firſt interval ; with 
this opening, ſet one foot on 4, in the firft interval, 
and the other foot will reach to 12, found in the ſe- 

cond intervall. | * 
Obſerve. In this Exam, the 1, 3, and 4, are va- 
lued as units in the firſt interval; and the one in the 
middle is 10; the diſtance between this 1 or 10, and 
the 2 or 20, in the ſecond interval, is divided into 10 
Principal parts, expreſs'd by the longer ſtrokes ; every 
one in this Exam. is taken as an unit; now as the 
point of the compaſſes falls on the ſecond of theſe 
principal parts, that is on 2 units beyond 10; there- 
fore this point is to be efteemed in this Exam. as 12. 


Exam. II. What is the product of 40 by 3? 
SoLuTION. In the firſt interval, take the diſtance 
between 1 Ahd 3; and this diſtance will reach from 
(4 or) 40 in the firft interval to (12 or) 120 in the 
ſecond interval. 4 4 

©3/erve. The 1 and 3 in the firſt interval, are taken 
as units: but as the values given to the * di- 

3 | viſions 
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viſions in either interval, may as well be call'd tens, 
as units; and the 4 being taken as 40, the 1 at the 
beginning of the ſecond interval will be 100; and 
the 2 in the ſecond interval will be 200; conſe- 
quently the principal diviſions between this 1 and 2 
will each expreſs 10; and ſo the ſecond of them will 


be 20, which with the 100, expreſs'd by the 1, makes 
120. 


Ex Au. III. What is the product of 35 by 24? 

SOLUTION, The diſtance from x in the firſt inter- 
val, to 24 in the fecond, will reach from 35 in the 
firſt interval, to 840 in the ſecond. | 

Obſerve, In the firſt application of the compaſſes, 
the primary diviſions in the firſt interval are taken as 
units, and thoſe in the ſecond interval, as tens: But 
in the ſecond application, the primary diviſions in the 
firſt interval are reckon'd as tens; and choſe in the 
ſecond, as hundreds. 


As the extent out of one nora into the other, | 
may ſometimes be inconvenient, it will be proper to 


ſee in ſuch caſes, how the example may be ſolved in 
one interval, Thus, 
IN either interval, take the extent from 1 to 2- 


(1.6: 24) and this extent, you either interval) will 


reach from 3-5, (i. e. 35) to 8905 (i. e. 840.) 


I this operation; the bt wo is reckoned a 
tenth higher chan the firſt term; therefore, as it falls 


in the ſame interval, the fourth term mult be a tenth 
higher than the third term. 


ExAM. IV. 2 is the product of 375 hy 60? 


SoLvTION. The extent —_— 1 co 6, (or 60) in the 


firſt interval will reach from z= 59 35 or 375) in 


the Grſt Interval, to 2 in * ſecond interval; 
tn N nich 
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which ia muſt be reckoned 22500: For had 
the point fell in the firſt interval, it would have been 
one place more than the 375, becauſe 60 is one 
place more than 1; but as it falls in the ſecond in- 
terval, every of whoſe diviſions is one place higher 
than thoſe | in the firſt interval, therefore, it muſt 
have two places more than 375, which 1s taken in 
the firſt interval. 

Ir the operations in theſe examples bo well con- 
ſidered, it will not be difficult to apply others to the 
ſcale, and. readily to aſſign the value of the reſult. 


Exam. V. What will be the quotient of 36 divided by 4? 
SOLUTION. The extent from 4 to 1, in the firſt in- 


terval, will reach from 36 in the ſecond interval to 
nine in the firſt. 


IT is to be obſerved, that when the ſecond term is 


greater than the firſt term; the extents are reckoned 
trom the left hand towards the right: and when the 


ſecond term is leſs than the firſt, the extents are 


taken from the right hand towards the left : that is, 


the extents are always counted the ſame way towards 
which the terms proceed. 


ExaM. VI. Tf 144 be divided by g ; what will be the 
_ quotient ? 
Sol vriox. The extent from A to 1, will reach from 
144 to 36. 


Ex Ads. vn. 1728 be divided by, 12; what will be 
the quotient ? 
SoruTon. The extent from 12 to 1, mill reach 
from 1728 to 144. 


ExAM. VIII. To the numbers 3. $, 243 ; fund a q fourth 
proportional. 


SoruTION. The extent from 3 to 8; will each 
from 15 to 40. 


Land 


/ | Exam, 


1 8 
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EXAM. IX. To the numbers 5, 12, 38; find a 4th 
proportional. 

SOLUTION, The extent from 5 to 12, wil reach 

from 38 to 91. | . 


ExaM. X. To the numbers 18, 4, 364; find a - | 


proportional, 


SoLuTION, The extent from 18 to 43 will ones 


from 364 to 80 f. 


Exam. XI. To two Numbers 1 and 2; to find a ſeries 


of continued proportionals. 
SoLUTION. The extent from 1 to 2, will reach 


from 2 to 4; from 4 to8 in the firſt interval; from 


8 to 16 in the ſecond interval; from 16 to 32; from 
32 to 64; Ec. Allo the ſame extent will reach from 
15 to 3; from 3 to 6; from 6 to 12; from 12 to 
243 from 24 to 48; &c. And the fame extent will 
reach from 2 4 to 5; from 5 to 10; from 10 to 20; 
from 20 to 40; &c, And in like manner proceed, 
if any other ratio was given beſides that of 1 to 2. 
_ Tris Example is of 1 uſe, to find if the diviſions of 
the line of numbers, are accurately laid down on the 


ſcale. 


THERE are many * uſes to which this ſcale of 


log. numbers are applicable, and on which ſeveral 


large treatiſes have been wrote; but the deſign here, 
is not to enter into all the uſes of the ſcales on the 
ſector, only to give a few examples thereof: but af- 
ter all that has been ſaid, when examples are to be 
wrought whoſe reſult exceeds three places, *tis beſt 
to do it by the pen; for on inſtruments, altho* they 
be very large ones, the loweſt places of the anſwers, 
at beſt, are but guels'd at, 


1 
4 
"WP 
> 
* 1 
* 
” 
4 
* 
1 t 
=* 3 
- 
* 
4 
= 
* 1 
14 
4 
2 7 
#5 1 
* * 
+ 
2 \ 
we) 
.* 
6 d 
» 
"# 
151 * 
A 
© = 
1 
* * 
2 ; 
© 0 
** 7 
1 
7 - * 
1 
* - 
0 : 
10 
AL * 
8 Y : 
. + 
5 4 
. i 
4 7 i 
* . 
1:4 A 
; 
ws L- 
+ io 
* 2 4 
* 23 - 
Let 4 
© * 
4 
1 
1 
1 
7 * 
* & © - 
2 
1 
9 8 
. : 
3 
” = 
=", WE 
© ZE 
_ o 
4 
"3 
» : . 
* - = 
. 
$I. 
4 
5 
* 
4 14” 
oy 7 
9 
o A 
$78 
1 
1 8 
5 
9 
1 


ql 
. 
' I 


Ye 

3 „„ — GT oo Due er Bee WY 
„ 

oq _d 


< ; ve To, wen 
— IS 
2 0 * 


I r 
ape Bb EAA WES 
6 n ** 


co — Deſeripriom and Uſe 
8 . | 
Some uſes of the Scales of Log. Sines and Log. 
. | Tangents. 2 


\HESE ſcales are chiefly uſed in the ſolution 
; of the caſes of plain and ſpherical trigonome- 
try, which will be fully exemplified hereafter : But 


in this place, it will be proper to ſhew, how propor- 


tional terms are applied to the ſcales. 

Ix plane trigonometrical proportions, there are al- 
ways four terms under de ada ſuppoſe two 
fides and two angles, whereof, only three of the terms 
ard given, and the fourth is required : Now the ſides 
in plane trigonometry are always applied to the ſcate 
of log. numbers; and the angles are either applied 
do the log. ſines, or to the log. tangents; according 
as the ſines or tangents are concerned in the propor- 

tion. Therefore, when among the three things given, 
if two of them be ſides, and the other an angle; or 
if two terms be angles, and the other a fide. 


RvrLE. On the ſcale of log. numbers, take the ex- 
tent between the diviſions expreſſing the ſides ; and 


this extent applied from the diviſion expreſſing the 


angle given, will reach to the diviſion ſhewing the 


angle required. 


'Ok, the extent of the angles, taken on the fines 


or tangents, will reach from the ſide given to the 
ſide required, on the line of numbers. 
So in ſpherical trigonometry, where ſome of the 


tafes are worked wholly on the fines, others partly 


on fines, and partly on tangents ; the extent taken 


with the compaſſes, between the firft and ſecond 


terms, when thoſe terms are of the ſame kind, will 
reach from the third term to the fourth. 


Ox, 


ſe 
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On, the extent from the firſt term to the third, 


when they are of the ſame kind, will reach from the 
ſecond term to the fourth. 


8 1 H . 


8 ome ne uſes of the double Scales of Lines, J. angents, 
| | and Secants. 


PROBLEM XX, 


Given the radius of a circle ( ſuppoſe equal to to 2 inches) 
required the ine, and tangent of 28* 30 to that radius. 
SOLUTION, Open the feCtor ſo that the tranſverſe 
diſtance of 90 and go, on the fines; or of 45 and 45 
on the tangents; may be equal to the given radius; 
ViZ. two inches: Then will the tranſverſe diſtance of 
282 20', taken from the fines, be the length of that 
ſine to the given radius; or if taken from the tangents, 
will be the length of chat tangent to the given radius. 
Bu if the ſerant of 28* 300 was required ? 

Max the given radius two inches, a tranſverſe 
diſtance to o and o, at the beginning of the line of | 
ſecants; and then take the tranſverſe diſtance of the 
degrees wanted, VIZ. 28* 8300. 

A Tangent greater than 45 degrees (/appoſe bo de- 
grees ) is found thus. | 
- Macs the given radius, ſuppoſe 2 inches, a tranſ- 
verſe diſtance to 45 and 45 at the beginning of the 
ſcale of upper tangents ; and then the required de- 
grees 60? 007 may be taken from this ſcale. 

The ſcales of upper tangents and ſecants do not 
run quite to 76 degrees; and as the tangent and ſe- 
cant may be ſometimes wanted to a greater number 
of degrees than can be introduced on the ſector, they 
may be readily found by the help of the annexed 
table of the natural tangents and lecants of the de- 
grees above 75; the rad. us of the circle being unity. 

4 | Degrees 


k 
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: Degrees. Nat. Tangent. Nat. Secant. 
r 4-133 
. 4,445 
en 4810 
79 5-144 5,241 
0 6,671 5,759 
; 85: 6,314 0,392 
| 82 75115 7,185 
8 „ 1. 8,205 
84 9,514 94507 
8 11,430 11,474 
86 14,301 14,335 
87 19,081 19,107 
88 28,636 28,654 
22922200 


þ 


4 


' Meaſure the radius of the circle uſed, upon any ſcale 
of equal parts. Multply the tabular number by the 
parts in the radius, and the product will give the 

length of the tangent or ſecant fought, to be taken 


from the ſame ſcale of equal parts, 
Exam. Required the length of the tangent and . 


of 80 degrees to a circle whoſe radius, meaſured on a ſeale : 


 & 25 parts lo an Inch, is 475 of thoſe paris? 
_ tangent. 


Againſt 80 8 ſtands 5,6 


The radius 1s 


ſecant. 


| 


55/59 
47>5 ö 
283355 28795 
39697 40313 
22684 23036 
269,3725 273,552 


[a 


5. FO 


So the length of the tangent on the twenty fifth 
ſcale will be 269 nearly. And that of the ſecant 
about 2732 

Os thus. The tangent of any number of degrees 
may be taken from the ſector at once; if the radius 
of the circle can be made a tranſverſe diſtance to the 
complement of thoſe degrees on the lower tangent. 

Exam, To find the tangent of 78 degrees 40 0 a radius 
of 2 inches. 

Maxe two inches a tranſverſediſtanceto 12 degrees 
on the lower tangents ; then the tranſverſe diſtance of 
45 degrees will be the tangent of 78 degrees. 


Ix like manner the ſecant of any number of degrees 


may be taken from the ſines, if the radius of the cir- 


cle can-be made a e une diſtance to the coſine of 


thoſe degrees. Thus making two inches a tranſ- 
verſe diſtance to the ſine of 12 degrees; then the 

tranſverſe diſtance of 90 and go will be the lecant of 
76 gemees. 


FROM hence it will be ealy to find the . 


anſwering to a given line, expreſſing the length of a 
tangent or ſecant, which is too long to be meaſured 
on thoſe ſcales, when the ſector | 18 fer to the given 
radius. 

Tnus. For a tangent, wk the giyen line a tranſ- 

verſe diſtance to 45 "and 45 on the lower tangents ; 
then take the given radius and apply i it to the lower 
tangents; and the degrees where it becomes a tranſ- 
verſe diſtance is the cotangent of the degrees anſwer- 
ing to the given line. 
Axp for a ſecant. Make the given line a tranſ- 
verſe diſtance to 90 and 90 on the ſines. Then the 
degrees anſwering to the given radius, applied as a 
tranſverſe diſtance on the ſines, will be the co-ſine 
of the degrees anſwering to the given ſecant line. 
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94 
PROBLEM XXI. 


| Giver the length of the fine, tangent, or ſecant, of d 


any degrees; ta find the length of the radius to that Hine, 
tangent, or fecant, 
Mak the given length, a tranſyerſe diſtance to its 
given degrees on its reſpective ſcale : Then, 


In the fines. The tranſverſe diſtance of go and go 


will be the radius ſought. 


In the lower tangents. The tranſverſe diſtance of 


45 and 45, near the end of the ſector, will be the ra- 
dius ſought. _ 

In the upper tangents. The tranſverſe diſtance of 45 
and 45 taken towards the center of the ſector on the 
line of upper tangents, will be the center {ought. 

In the ſecant. The tranſverſe diſtance of o and o, 
or the beginning of the ſecants, near the center of the 


Sector, will be the radius ſought, 


PROBLEM XXII. 


Given the radius and any line repreſenting a. ſiue, lan- 


gent or ſecant ; to find the degrees correſponding ta that 
line. 


SOLUTION. Set the ſector to the given radius, ac- 
cording as a fine, or tangent, or ſecant is concerned. 


TakeE the given line between the compaſſes; apply 
the two feet tranſverſely to the ſcale concerned, and 


ſlide the feet along till they both reſt on like divi- 

ſions on both legs; : then will thoſe diviſions ſhew 

_ degrees and parts. correſponding to the given 
ne. 
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PRO B L EM XXIII. 


Jo find the length of a verſed 7 ine to a given number 
of degrees, and a given radius. 


Make the tranſverſe diſtance of go and 90 on the 
ſines, equal to the given radius. 

Take the tranſverſe diſtance of the ſine comple- 
ment of the given degrees. | 

Ir the given degrees are leſs than go, the difference 
between the ſine complement and the radius, gives | 
the verſed ſine. 

Ir the given degrees are more than 90, the ſum of 


the ſine complement and the radius, gives the verſed 
Line. 


PROBLEM XXIV. 


To open the legs of the fer, ſo that the a 
double ſcales of lines, chords, fines, tangents, may make, 
each, a right angle. 


On the lines, make the lateral diſtance 10, a diſtancs 
between, 8 on one leg, and {ix on the other leg. 

On tbe fines, make the lateral diſtance go, a tranſl, 
verſe diſtance from 45 to 45; or from 40 to 30 or 
from 30 to 60 ; or from the ſine of any degrees, to 
their complement. 

Or on the fines, make the lateral diſtance of 45 a 
tranſverſe diſtance between 30 and 30. 


1 The Deſeriptioi and Uſe 


PROBL E M XXV. 
20 A ride an Ellipſis, having given AB equal to the 


argen diameter; and D equal to the ſhorteſt diameter. 


ScLUTION, Iſt. 
Set the two diame- 
ters AB, CD, at right 
angles toeachother 
in their middles at 
2d. MARKE Ak a 
tranſverſe diameter 
to go and 900 on the 

ſines; and take the tranſverſe diſtances of 10 20 
30˙, 40˙, go, 60˙, 70, 80, ſucceſſively, and apply 
thoſe diſtances to AE From E towards A,. as at the 


points 1, 2, 3, 4, 5, 6, 7, 8; and rhro' thoſe points 


draw lines parallel to Ec. 

3d. Maxz xc a tranſverſe diſtaiice- to 90 and 90 
on the fines; take the tranſverſe diſtances of 80ů, 70, 
60®, 50?, 40*, 30®, 20, 107, ſucceſſively, and apply 
thoſe diſtances to the parallel lines from 1 to 1, 2 to 2, 
3 to 3, 4 to 4, 5 to 5, 6 to 6, 7 to 7, 8 to 8, and 
ſo many points will be obtained thro' which the curve 
of the ellipſis is to pals, 

The ſame work being done in all the four qua- 
os the elliptical curve may be compleated. 

This Problem is of conſiderable uſe in the con- 
{ſtruction of ſolar Eclipſes ; but inſtead of uſing the 
fines to every ten degrees, the fines belonging to the 
. degrees and minutes correſponding to the hours, and 
quarter hours are to be uſed. 


PR O- 
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PRO B-EL-E M. AXYVL 


To deſcribe a Parabola whoſe parameter ſpall be vii 
to a given line: 


B 
| SoLUT1ON 1ſt. — — 
Draw: & lat t 0aJ0C. Sg 
repreſent the 60 
axis, in which 40 


make aB equal So. 
to half the given 20 ——.—.—.— . © 
parameter; di- 1818 
vide AB like a ? : 
ine of Gnes W A ————— 
every ten degrees, as at the points 10, 20, 30, 40, 
50, Fc. and thro? theſe points draw lines at right 
angles to'the axis as. 


2d. Maxe the lines Aa, 106, 20c, 30d, 40e, Sc. 


reſpeCtively equal to the chords of 9g0*, 80e, 70?, 60˙, 
50% Sc. to the radius AB, and the points a, b, c, d, e, 
Sc. will be in the curve of a parabola. 

Therefore a ſmooth curve line drawn thro' thoſe 
points and the vertex B, will een the parabolic 
curve required. 

The like work may be done on both ſides of the 
axis when the whole curve is wanted. 

As the chords on the ſector run no farther than 60, 
thoſe of 70, 80 and go may be found by taking the 
tranſyerſe diſtance of the fines of 35%, 400, 45* to the 
radius AB, and applying thoſe ciftances twice along 
the lines 20e, 106, Sc. 


— —— — = 1 
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PROBLEM XXVII. 


To —_ an Hyperbola, the vertex A and aſhmptotes 
8 BH, BI, being given. 


1 B. SOLUTION. iſt, The aſ- 
: ſymptotes BH, BI, being drawn 
in any poſition, the line Ba, 
; biſecting the angle 18h, and 
„ c the vertex A taken, draw a1, 
I . 1D Ac, parallel tO H, BI. 
Nen 2d. Make à& a tranſverſe 
F diſtance to 45 and 45 on the 
upper tangents, and apply 
G to the aſſymptotes from B, 
ſo many of the upper tan- 
, gents takentranſverſly as may 
de thou ght convenient, as 
BD 50, BE 55, BF 60*, BG 6g?, BH o', Sc. and draw 
Dd, Ee, Oc. parallel to Ac. 
zd. Make ac a tranſverſe diſtance to 45 and 45 on 
the lower tangents, take the tranſverſe diſtance of the 
co-tangents before uſed, and lay them on thoſe pa- 
rallel lines; thus make Dd=40* „ Eca=35?, Fi==go", 
Gg=25*%, Hh=20)", Cc. and thro' the points A5 1 4), 
2, B, Sc. If a curve line be drawn it will be the hy- 
perbola required. 
There are many other methods of conſtructing the 
curves in the three laſt problems, and a multitude of 
entertaining and uſeful properties ſubſiſting among 
the lines drawn within and about theſe curves; which 
the inquiſitive reader may 1. in the treatiſes on conic 
ſections. 


4 
o 
« 
* 
— — . 
—— 
— —— 


P R O- 


To 


Tl 


| chord of 602 deſcribe a circle 


in take a point c to repreſent 
the beginning of longitude. 


| of Bermudas longitude 68* 38' 
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PROBLEM XXVIII. 


To find the diſtance of places on the terreſtrial globe, by 
having given their latitudes and Ongituaes. 


This problem conſiſts of ſix caſes. 


Cask I. If both the places are under the equator. 
Then the difference of longitude 1s their diſtance. 


Casz II. When boch places are under the a 


meridian. 


Then the difference of latitude is their diſtance. 


Cn III. When only one of the places has lati- 
tude, but both have different longitudes. 

Ex AM. Iſland of Bermudas, lat. 32 25' N. longit. 
68 38 W. Hand of St. Thomas, lat. o o, longit. 


0 
Required their diſtance. 


SOLUTION, iſt. With the 


repreſenting the equator, where- 


2d. From o apply the chord 


to B, and that of St. Thomas's E 
longitude to a, the arc AB, * 
being the difference of the longitude. 

3d. From B, the place having latitude, draw the 
diameter BD, apply the chord of the latitude 32* 29 
from B to x, and draw Er at right angles to BD. 

4th. Draw rc, make ro, equal to Fc, and draw 
EG.; then EG meaſured on the chords will give the 
diſtance , about 73 degrees. 


3 Casr 
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Casz IV. When the given Places are in the ſame 
parallel of latitude, 


Exam. Required the * between the Lizard and 
Pengwin land, both in latitude 49*, 56 N. the longi- 


zude of the Lizard being 5* 14 W. and that of Pengwin 
and 5 50* 32 W. 
| SOLUTION. iſt. From c, the 

commencement of the longi— 
tude, apply the chord of the 
 Lizard's longitude to a, and 
of Penguin's longitude to x, 
and draw the diameters as, BG. 
Apply the chord of the 
common latitude 49* 56 from 
A to p, and from B to E; draw 
DF and EG at right angles to 


aa, Bb, and j join or; then or meaſured on the chords 


will give the diſtance __ about ve degrees, 


Carr v. When the given places are on the ſame 
fide of the equator, but differ both in latitude and 
longitude. 


Exam. What is the di ſtance 1000 Eonden in dans: 


tue 51* 32 N. longitude, o O and Bengal in latitude 
00 N. 3 92˙%45 E. 
5 „ SoLUTION. From à, 7 
* don's longitude, apply Bengals 

| "Ip : longitude 92* 45 to e, ta- 
"ſi ken from the chords; allo 
apply the chord of London's 
latitude from à to B, and of 
Bengals latitude from c to p. 


5 9 „ 9 „ 9% ws: 10 


ce, and BE, Dr, at right angles 
e te i, ee oe l.. 
55 1 Make BG equal to pr, and EH equal to Er, 
join oH; Then on meaſured on the chords will give 
the diſtance required, which is about 72 degrees. 


2d. Draw the diameters aa, 


CASE 


( 2 
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CASE VI. When the places are on contrary ſides 


of the equator, and differ both in latitude and 


longinne <5; 

Exam. Mobat is the diſtance between London in 1. 
titud? 51? 32 N. longitude o O and Cape-Horn in la- 
titude 55" 42 8. longitude 662 00 W. 


SOLUTION. 10 From 1 
aon's longitude, apply the chord 
of Cape-Horn's longitude ta e, 


apply the chords of Londews 77 
latitude from A to E, and of 
Horn's latitude from c to p. 

2d. Draw RE and pr at right 
angles to Aa, cc; join Er and 
make EG equal to EF, 

3d. At right angles to aa, draw on, and make it 
equal to Dy; join Bn, which meaſured on the chords 
will give the diſtance required, which is about 123 
degrees. 

To meaſure. Bh on the chords; apply an from 8 to Is 
and meaſure the arc Bel. 


1 


S ECT. XVIII. 


The Uſe of "ſome of the fingle and double Scales, ap- 
plied in the Solution of the Caſes of plain Trigo- 
 nometry. 


PROBLEM AXEX; 


7. N a right lind triangle, any three of the fix terms, 
viz. fides and angles, (provided one of them be 4 

fide) being * to find the other three. 
H 3 e 


— 
— * 


i A. r 
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This problem conſiſts of three caſes. 


Cas I. When among the things given, there be a 
fide and its oppoſite angle. 


CasE II. When there 1s given i ſides and the 1 in- 


cluded angle. 
Cask III. When the three fides are given, 


SoLvUTION 7 CASE I. 


The Solution of the examples falling under this 
caſe depend on the proportionality there is between 
the ſides of plane . and the ſines of their 
oppoſite angles. | 


ExAMpLE I, Pl. VI. Fig. 26. 


In the nde ABC: Given —_ {equal p —_ 
| e os 30 
| Required E. C, C A, & BC. 
The proportions are as follow, 
As ſide Ac: fide AB:: ſine 4 B: fine 4. c. 


T hen the ſum of the angles p and c being taken from 


180? will leave the angle a. 
And as ſine ZB: fine 4a: : fide ac: ſide cs. 


Firſt by the logarithmic ſcales, 
T o find the angle C. 


F he extent From 64 (=ac) to 56 (=a3) on the 
ſcales of logarithm numbers, will reach from 46*? go' 
(LB) to 39 24's (=£ ©) on the ſcale of logarith- 
mic lines. 

And the ſum of 46* 30 and 39* 24 is 83 54 

Then 85* 54 taken from 1809, leaves 94* 6 for 
2 angle A, 


To 


— 
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To find the fide mc. 


The extent from 46* 30' 3 to 85˙ 54 the 
ſupplement of 94* 6 (=£4 a) on the ſcale of log. 
fines, will reach from 64 (Ac), to 88 (Sn), on 
the ſcale of logarithm numbers. 


| Secondly by the double Scales. 
To find the Angle c. 


1. Take the lateral diſtance of 64 (=ac) from 
the lines. 

2. Make this a tranſverſe diſtance of 4.62 30 (SAR) 
on the ſines. 

3. Take the lateral diſtance of 56 (anan) on the 
lines. 

4. Find the degrees to which this extent is a 
tranſverſe diſtance on the fines, viz. 39? 24 and 
this 1s the angle ſought. 


To find the fide BC, 


1. Take the lateral diſtance of 64 (=ac) from the 
lines. 

2, Make this a tranſverſe diſtance of 46˙ 30 
(SAB) on the ſines. 

3. ake the tranſverſe diſtance of 8 5* 54 (the ſup- 
plement of 94* & = 4 a) on the ſines. 

4. Find the lateral diſtance this extent is equal to, 
on the lines; and this diſtance, viz. 88, will be the 
ſide required. 


Ex, II. In the triangle Ac Pl. VI. Fig. 27. 
Given Bc — 74 
4B log Q 
„„ GC 20.0 
n AB & Ac. 
Now the ſum of 104% O and 28* is 132 0. 
And 132* © taken from 180, len 48 o' for 
the angle A. 
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The proportions are, 


As fine LA: fine Lc: : fide nc: fide an, 
And as fine ZA: fine 4B: : ſide Bc: fide ac. 


Firſt, by the Logarithmic Scales. 
To find as. 


The extent from 48% o (=4 4) to.28* © c) 
on the ſcale of logarithm fines, will reach from 74 


=BC) to 46, 75, (Saz, ) on che ſcale of logarithm 
numbers. 


To find Ac. | 
The extent from 48 o to 76* o (= ſupplement 


of 104* ©) on the ſcale of te ſines, will reach from 
74 to 96,6 (Sac) on the ſcale of logarithm numbers. 


Secondly by the double Scales. 
0 To find AB. 


Bb Take the lateral diſtance 74 (nc) on the 
lines. 


2. MARE this extent a tranſverſe diſtance to 48* 0 
(= £4) on the ſines. 


3. Takz the tranſverſe diftance of 28 O (= 4c) 
on the ines. 


4. To this extent find the lateral diſtance on the 
lines, viz. 46, 75 and this will be the length of aB. 


To find ac. 


1. Takk the lateral diſtance 74 (=Be) on the 
lines. 


2. Maxx this extent a tranſverſe diſtance 1 to 48 


(= Za) on the ines, 


3- TAKE 


Uir 


tl 
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3. Take the tranſverſe diſtance to 168 o the ſup- 
plement of 104* © (= £48) on the fines, 

4. To this extent, find the lateral diſtance on the 
lines, viz. 96, 6, and this will be the length of AC. 


SOLUTION of CAS E IT. 


Tux ſolution of this caſe depends on a well known 
theorem, voz 

As the fam of the given ſides 

Is to the difference « of thole ſides, 


So is the tangent of the half ſum of the unknown 


angles. 

To the tangent of the half n of thoſe an- 
gles. 

And the angles are readily found, theit half ſum 
and half difference being known. 


Ex. III. In PE triangle apc, Pl. VI. Fig. 28. 
Given BC == 74 

BA == 52 

JB = 68* © 

1 Ia La; Ic; & AC. 


/ 


| „ 


Take the given angle 68* o from 180%, and half 
the remainder, viz. 50 o is the half ſum of the un- 
known angles, which call z; and let x ſtand for the 
half difference of thoſe angles. 

Ar so, find the ſum of the given ſides, viz. Be BA 
==126, 

AnD take the difference of thoſe ſides, viz. Be 
BA==22, 


Then the proportions are 
As BC RBA: BC—Ba : : tan. 2: tan. x. 
Then the ſum of 2 and x gives the greater angle A. 


THE 
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Tux difference of z and x gives the leſſer angle c, 
And as ſine Le: fine Ls : : fide BA: ide AC. 


Firſt by the Logarithm Scales. 
To find the tangent of x. 


Takes the extent from 126 (= ſum of the given 
ſides) to 22 (= diff. of thoſe ſides) on the ſcale of 
logarithm numbers; lay this extent from 45 o' to 


the left, on the logarithm tangents ; ſtay the loweſt 


point, and bring that which reſted on 45 degrees, to 

56* O; remove the compals, and this extent laid from 
45* © towards the left, gives 14* 31” equal X. 
Tren the ſum of 565 o and 14 31 or 70 31 


is the angle A. 


AND 14 31 taken from 56* o' leaves 41% 29 for 
the angle c. 


Ts find AC. 


Taz extent from 4129 (e) to 68% O (=) 
on the logarithm ſines, will reach from 52 (A) to 
72, 75 (=ac) on the ſcale of logarithm numbers. 

In finding the tangent of (X or) the half diffe- 
rence of the unknown angles, there were two appli- 
cations of the compaſſes to the ſcale of tangents: 
Now this happens becauſe the upper tangents which 
ſhould have been continued beyond 4.5%, or to the 


right hand, are laid down backwards, or to the left 


hangg among the lower tangents (the logarithmic 


| tangents aſcending and deſcending by like ſpaces at 


equal diſtances on both ſides of 43, and thereby 
the length of the ſcale is kept within half the length 
neceflary to lay down all the tangents in order, from 
the left towards the right. But ſuppoſing they were 
ſo laid down; then the point of 56* o will reach as 


far to the right of 45” as it does now to the left; and 
8 


a | the 


+ ty 2_ pd HY py od Hy > 


aA o+ 


"a. Ms. a 


w_ . , gy "SS. Jr 


nx AF ur CIR 


% — — "00 ih. þ > E 


LY — we 


of Mathematical Inflruments. 107 


the extent on the numbers from 126 to 22 would 
reach from the point 56* taken on the right of 43e, 
to 14 31 at one application; the ſaid extent being 
applied from 45* downwards, will reach as far be- 


pypond 14 31, as is the diſtance from 45* to 56*; 
therefore the legs of the compaſſes being brought as 


much cloſer as is that interval, will reach from 4.5* to 


the degrees wanted. 


IxpEED when the half ſum is leſs than 45*, then 
the extent from theſum of the ſides to their difference, 
will reach from the tangent of the half ſum, down- 
ward, to the tangent of the half difference, at once. 

Axp when the half ſum of the unknown angles, 
and their half difference, are both greater than 459, 


then the extent from the ſum of the ſides to their dif- 


ference, will reach from the tangent of the half ſum 
of the angles, upwards (or to the right) to the tan- 
gent of the half difference of thoſe angles, at once. 


Secondly by the double Scales. 


Becauſe 126 the ſum of the ſides will be longer 
than the ſcales of lines, therefore rake 63, the halt of 
126, and 11, the half of 22, the difference of the 
ſides; for the ratio of 63 to 11, is the ſame as that of 
1% Then. e 
, 1. TAKE the lateral diſtance 63 on the ſcales of 
lines. 


2. Maxez this extent a tranſverſe diſtance to 36 


degrees, on the upper tangents. 

3. Take the tranſverſe diſtance of 45% on the 
upper tangents, and make this extent a tranſverſe 
diſtance to 4.5% on the other tangents, 8 

4. Tat the lateral diſtance 11, on the lines. 

5. To this extent, find the tranſverſe diſtance on 
the tangents, and this will be 14* 31 =. 

AND this is the manner of operation, when 2 is 
greater than 45 degrees, and x is leſs, 
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But when 2 greater than 45 
= & x are each } or leſs & degrees. 


Then the third article of the foregoing * „ 


omitted. 
: Now having foods his 4 85 4 and c, he fide 


AC may be found as in'the firſt or ſecond examples. 


Bor in this caſe, the third ſide ac may be found 


| withour knowing the angles. Thus, 


1. Taxt the lateral diſtance of 34 deg.) the half 
of (68,) the given angle, from the ſines. 

2. Mars this extent a tranſverſe diſtance, to 30 
on the fines. 

3. WiTn the ſector thus Spoiled; take the Miſtance 
from 74 on one leg, to 52 on the other leg, each 
reckon'd on the lines. 

4. The lateral diſtance, on the lines, of this extent, 
gives the fide ac= 72, 75: 

Feom the two firſt articles of this operation, is 
learn'd how to ſet the double ſcales to any given 
angle. | 

Wan. the included angle B is 90 degrees, the 


angles a and c are more readily found, as in the fol- 
| lowing example, whoſe ſolution depends on this prin- 


ciple. That one of the given ſides has the ſame pro- 
portion to radius, as the other given ſide has to the 
tangent of its oppoſite angle. | 


Ex. IV. In the triangle ABC: Fig. 29. 
Given aB = 45 
BC = ” 
Lp = 
Required L Az 6-C3 & AC. 


The proportions are, 
For the Angle A. 


As ſide as : fide Bc : : radius: tan. LA. | 
5 * AND 


Hs 
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AND the LA taken from go leaves the Ce, then 
AC may be found as directed in the laſt example. - 


_ Firſt by the logarithmic Scales. 

THe extent from 45 (SAR) to 65 (Rc) on the 
numbers, will reach from 45 degrees to 55* 18' 
(=£ a) on the tangents. 

HERE the angle a is taken equal to 555 18; be- 
cauſe the ſecond term Be is greater than the firſt term 
AB: But if the terms were changed, and it was made 
BC to AB, then the degrees found would be 34 4 
==& 06 

Secondly by the double Scales. 


1. Take the lateral diſtance of the art term, 
from the lines. 

2. Make this a tranſverſe. diſtance to 45 aw on 
the tangents, | 

3. Tax the lateral diſtance of the ſecond term, 
from the lines. 


4. TE tranſverſe diſtance of this extent, found 


on the tangents, gives the degrees in the angle ſought. 

Ir the firſt term is greater than the ſecond, then the 
lateral diſtance of the firſt term, muſt be ſet to 45 de- 
grees on the lower tangents, and the lateral diſtance 
of the ſecond term, muſt be reckon'd on the lame 
tangents. 

Bur if the firſt term is leſs than the Gant then 
the lateral extent-of the firſt term muſt be ſet to 45* 
on the upper tangents, and the lateral extent of the ie: 
cond term muſt be reckon'd on the ſame tangents. 


SoLUTION of CASE III. Fig. 30. 


Ix the triangle ac : 
Given BC = 926. 
BA == 558. 
AC == oz. 
Requir'd 4B, C, 44. 
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Tara are uſually given for the ſolution of this 
caſe, by the logarithmic ſcales, two methods; the one 


beſt when all the angles are to be found, the other 


beſt when one angle only is wanted ; both methods 
will be here delivered. 


Fs r. When all the angles are wanted. 


| SupposE a perpendicular ap (Pl. VI. Fig. 30.) 


drawn to the greateſt ſide Bc, from the angle a op- 


polite thereto ; then ap divides the triangle anc into 
two right angled triangles BDa, CDA; in which if 


op and DB were known, the angles would be found, 
as in the ſolution of Caſe I. 


Taxz the ſum of the ſides ac and as, which 18 
1260. | 


ALSO their difference, which is 144. 
Tux on the ſcale of numbers, the extent from 


926 (=Bc) to 1260, will reach from 144 to 196. 


AND the half ſum of 926 and 196, is 561 = vc. 
AnD the half difference of 926 and 196is 365=0s. 
Trae extent from 558 (2 BA) to 355 (=BD) on 


the numbers, will reach on the log. lines from go? 


1 BDA) to 40˙ 52 (=<B4aD) 
THEN 40? 2 taken from 90, leaves 49* 8 for 48. 


AnD the extent from 702 (=ca) to 561 (=cp) 
on the numbers, will reach from 90 (= 4 cpa) to 


53 04 (= 4 cap) on the ſcale of log. fines, 


TEN 53* 4 taken from 90, leaves 36* 56' for 


e. 
Also the ſum of 40˙ 32 and 53* 4 gives 93 56' 


for the £CAB. 


SECONDLY, 


inc 
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Srcoxplv, To find either angle; ſuppoſe B. 


Preparation. 


Tak the difference between xc and BA, the ſides 
including the angles ſought, and call it o = 368. 

_ Finp the half ſum of ac and p, call it z = 525 

AnD the half diff. of ac and p, call it x = 167 


THEN as 1 a BE: : : radius: fine © 4B. 


ABx BO 
1. THz extent on the log. numbers from 1 to 533 


(=z), will reach from 167 {=x)-w0'a Arth point 
89300; mark it and call it o. 


2. Tux extent from 1 to 558 (= 4B), lt reach 
from 926 (nc) to a gth point = 516000; mark 
it and call it n. | 


3. Tux extent from the point EH 516, to the point 
c 89,3, will reach from 1, downward, to a 4th point, 
0,173 nearly; mark it and call it x. 


4. Taz extent from E, to the middle point, about 
0,415, between it, and the 1 next above &, taken on the 
log. numbers, will reach on the log. fines from go* 
to 24* 34, which doubled gives 49* 8 for the an- 
ole B, 

Bor the ſcale of log. verſed fines being uſed, the 
work will be conſiderably ſhortened. Thus, 


1. On the log. numbers take the extent from 838 


(=2z) to 926 (=BC), this will reach from 558 (SBA) 
to a 4th * where let the foot of the compaſſes 
reſt. 


. Taen the extent from that 4th point to 167 
ra. will reach on the line of verſed fines from 
o degrees (at the end) to 1305 927 , which taken from 
180” leaves 49? 8 for the angle B. 


By 


- 
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By the double, or ſeforal, Scales. 
To find the angle B. 


1. TakE the lateral diſtance 702 (= ac, the ſide 
oppolite co the angle B) from the lines. 


2. Opn the legs of the ſector until this extent 
will reach from 926 (= cs) on one ſcale of lines, to 
558 (SAB) on the other ſcale of lines. 

Tux ſector being thus opened, take the tranſ. 

verſe diſtance between 30* and 3o? on the fines, this 
diſtance meaſured laterally on the fines, one foot 
being on the center, will give 24* 34 for half the 
angle B. 


Tux other angles may be found as £B was, or 
according to the directions in ſome of the preceding 
caſes, 


ALTHoucn in theſe exaniples; oblique - triangles 
were taken as being the molt general; yet it may be 
readily ſeen, that thoſe concerning. right. angled tri- 
angles are only particular caſes, and may be for the 
general, more eaſily ſolved. 


VARIETY of other examples, (ing the uſes of 
theſe ſcales, might be given in various parts of the 
mathematics, which the reader may of himſelf ſup- 
ply : However here will be ſubjoined a few 1n ſphe- 
rical trigonometry, as' they will include ſome opera- 
tiens not only curious, but perhaps not to be met 

with elſewhere ; and they will be followed by : a few 
examples | in perſpective. 


S ker. 
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8 E U T. XIX. 


The e Conftruten of the. ſeveral caſes of Spherical 
Triangles by the Scales on the Seclor. 


PROBLEM XY. 


In a Spherical Triangle, any three off the fix terms, viz; 
| 2 and angles, being given, to find the other three. 


HE. caſes of ſpherical angles contained 1 in 
this Problem are fix. 

Tot Given two ſides, and an angle oppofite 
to one of them: 

Casx II. Given two angles, and a ſide oppelies to 
one of them. 

CAsE III. Given two ſides, and the included 
bügle. 

CAsE IV. Given two angles, and the included 
ſide. 

Cask V. Given the three Gdas. 

Casz VI: Given the three angles: 
Theſe ſix caſes include all the variety that can ariſe 

in ſpherical triangles: 

Ix the following ſolutions, are given three con- 
ſtructions to every caſe, whereby each ſide is laid on 
the plane of projection, or (as it is ane called, 
the) primitive circle. | 
Io abhreviate the directions given in the follow- 
ing conſtructions, it is to be underſtood, that the pri- 
mitive circle is always firſt deſcribed, and two diame- 
ters drawn at right angles. 

Tux ſector is alſo ſuppoſed to be ſet to the radius 
wanted, on the ſcale uſed; —_ the tranſverſe diſtance 
of the degrees propoſed is to be taken from the chords, 
or ſecants, or tangents. &c. according to the name 
mentioned | in che conſtruction. 


1 So- 


— 


i Deſcription and Uſe 


Sol v rio of CASE I. 


Exau. In the ſpherical triangle ABD. 
Given AB 29 50' 
PB=63 59 
<> EDESRG 58: + 
Required the triangle. 


1. To put DB on ; the primitive circle. Fig. 1. 1. Pl. 
VII. 


1. Make ps=chord of 62 59, ned ie 


diameter BER. 
2d. From p, with the ſcant of the Z p, 25* 55 a 
cut the diameter O 1 in : onc as a center, with 
that radius, deſcribe the circumference DA, and the 
angle BDA will be 25? 
3d. Make Bd equal to AB, vith the chord of 9 
1 
5 Ath. With the tangent of a AB, 29* 30, From 1 cut 
© produced in &; and from b, with that radius, cut 
DA in A or 4. 
zth. Through B, A, E, deſcribe a cee ence, 


and the triangle BDA will be that required; whoſe 


parts pa, 4B, and 4 a may be thus meaſured. 


7 0 meaſure DA. 


th. Make Or equal to the tangent of half the 
angle BDA, viz. 125 574 3 then a ruler on P and 4. 
gives e; and pe meaſured on the chords, gives the 
| degrees, in Da, viz. 42* 9. 


To meaſure CB. 


7th. Draw the diameter ro at right angles to BE, 


cutting the circumference Baz in ; 2 ruler by B 
& 5 Wives F; _ fe equal to the chord of go deg. 
a ruler 


C11 


e! 


cu 


an 


pr 


thi 
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a ruler on g and, B, gives in the diameter ro. Then 
t gon the chords gives the angle B==36* . 


WY 2 £4 
8th. A ruler on a and p, gives 2; and on 4 and 
p. gives m; and um meaſured on the chords, gives 
52 9, for the ſupplement of che angle DAB, Which 
* 1 


II. To put pa on the primitive circle, Fig. 2. I, 


iſt, With the ſecant of the angle p, 25* 657, from 
d, cut the diameter in c; and on c, with the ſame 
radius, deſcribe the arc DB, and the angle BDA will 
be 25* 55”. | 
2d. Make S y equal to the tangent of half the 
angle p; viz. 12% 57 2· 
3d. On the primitive circle, make p d equal to the 
given ſide Ds, with the chord of 63 g. 


5 ath. A ruler on y and d, gives 3; then will zv 
| 63˙ 59. 
t 5th. Draw OB 7, cutting the primitive circle 1 in 7. 
6th. Make r x = the chord of 90; or twice the 
chord of 430. 


| th. A ruler on x and B, gives m on the primitive 
© circle. | 
| 8th. Mako =: „ 500. 
9th. A right line through » & P., & & q, gives f & 
t in rc: * 
10th. On fe as a diameter, rde a circumference, 


e 

8 cutting the primitive circle in A, 4. 

5 Iith, A ruler on a & ©, gives p. 

12th. Through 4, B, r, deſcribe a ch 

and the triangle ABD is conſtructed with vA on the 
primitive circle as e 

E, III. To Put AB on the primitive circle. Fig. 301. 

B iſt. Make AB the chord of 29 50; and draw 

8. the diameter BF. 


er | = | ad In 
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2d. In 4 B, drawn perpendicular to 40, take a B 
= ſine of aB 29˙ 60 

3d. Make hs angle 5 A g. = A D 25* 553 
from à draw a & at right angles to a g, and from 
4, the middle of a b, draw de perpendicular to a 6, 
cutting A e, in e; from e, with the radius e a, deſcribe 
a circumference a Fb. 
4th. From 5, with the fine of BD, 63* 59, cut the 
circumference, afb in f; and draw a J. 

sth. From 4, draw ac at right angles to 7 A, 


meeting E © ( perpendicular to A. O,) continued, in e; 


and on c, with the radius CA, deferibe a circumfe. 
rence ADG. 

th. Make Bm Bp, with the chord of 63* 59; 
from u, with the tangene of 63* 59” cut © B pro- 
duced in 7; on , with the ſame radius, cut Abo 
„ 

7th, Through B, b, r, deſcribe a circumference, 
and the triangle anb will be that which was re. 
quired. 

0 omputation by the logarithmic feats. 


To find the angle A. 

The ſines of the angles of ſpheric triangles are 
proportional to the fines of their oppoſite ſides. 
Then the extent of the compaſſes on che line of 
ſines from 29% 50 (== AB) to 259 36 ( Ap); 
will reach from the ſine of 63* 59 (pg) to the ſine 
of 52* g' (==4a) _ 

But by conſtruction the 2 A is obtuſe; therefore 
127% 51” _ ſupplement of 520 OE is to be ten 


mY _ As 
0 2 ibe a- 5. 


Say, as radius, to the coſine of ps. 

So tang. 4D, to the corang of a fourth arc. 
And as tang. AB, to the tang. of Ds. 
c * coſine of the 4th ae, to che coſine ofa ry arc. 


Then 
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Then the difference berween the 4th and 5th arcs 


gives 4B, 

The extent from the Gne of go? to the fine of 26* 1” 
(= comp. of 63* 59“), will, on the tangents, reach 
from 25* 55 to 12* 2”: But the 4th arc is to be a 
cotangent ; therefore 775 58” (the comp. 12“ 20) is 
the 4th arc. 

The extent from the tangent of 29 500 to the tan- 
gent of 635 59“, will reach « on the line of ſines from 
12* 2* (=comp, of 77* 58”) to 48* 9. 

But the 5th arc is to be a coſine; therefore 41® 
51” (the comp. of 48* 9) is the fifth arc. 

And 41* 51 taken from 77* 58"leaves 36* 7” for 


the angle g. 


The extent from the tangent of 29% 50” to the 
tangent 63? 59. is thus taken. Set one foot on the 
tangent 29 50, and extend the other to the tangent 
of 45*; Apply this extent on the tangents from 63 
59 towards the left; reſt the left hand foot, and ex- 


tend the whe to 45%, and the compaſſes * chen have 


the required extent. 


To find AC. 
Say, as radius, to the coſine of the angle v D. . 
So is the tangent of pn, to the tangent of a ath 
arc. | 
And as cofine-of ns, to an coline of AB. 
So ts the coſine of the 4th arc, to the coſine of 


the 5th arc. 


Then the difference between the 4th and 5th arcs 
will give the fide ap. 

The extent on the ſines from 90 to 645 5” (the 
comp. of 25* 55*) will reach on the tangents from 
63* 59" towards the right to 61 317 the 4th arc. 

Alſo the extent on the ſines from 26* 1” ( 
of 63 59”) to 60 10” (comp. f 29 90% will 
reach from the ſine of 282 (the complement of 615 
31 ") to the fine of 70? 37. 


13 : But 
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But the 5th arc is to be a coſine, therefore 190 27 
is the fifth arc, 


And 19˙ 27 taken from 61* 21 (leaves 42* & for 


the ſide 4p. 


court EAN E II. 


_ Exan. In the ſpherical triangle ABD. 
Given Ap 42* 9 
44 127 50 
B= 36 8 

Required the triangle. 


I. To put DB on the e circle. Fig. * 


Pl. VII. 


iſt, From B, with the lens of 4 B, 36˙ 8 85, cut 


the diameter O E in c; on c, with the ſame radius, 
deſcribe the circumference gar: then the angle DBF= 
the given £ B. 

2d. Make the angle 144 equal to 37 50”, the dif- 
ference between 127 50” and 90. 

3d. Make a 4 Stangent of Da, 42*9'z on © with 
the ſecant of 42* gf deſcribe an arc 42; ono with 
c q, cut the arc 9 Cin Q. 


4th. Draw Q © cutting the primitive circle in 


D, and BD will be a ſide of the triangle. 

sth. From @ with dg, cut Bar in A; and 
through D, A, G, deſcribe a circumference, and the 
triangle BAD is that required, Whoſe parts BD, BA 
and 2D are thus meaſured. 


6th. Bp meaſured on the chords, gives 04 degrees. | 


7th. Make © p==tangent of half 4s, viz. 18* 4”; 


a ruler on p and A gives *; then Bx ee on 


the chords gives 29 507, for Ba. 

8th. Draw a diameter perpendicular to cp, cut- 
ting the circumference pac in 5; a ruler on p and 
s gives m; make mm 90 degrees, then q A meaſured 
on che chords, gives 2 * 55 "for the C. n. 


II. To 
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II. To Put AB on the primitive circle. F ig. 2. 2. 


iſt, From A, with the ſecant of the ſupplement 
of the Ca, viz, 52?, 10", cut the diameter © F con- 
tinued in c; on e, with the lame radius, deſcribe a 
circumference Aar, 

2d, Make © Þ = the tangent of half the an 
ment of 2. A, br. 20* 53 and make Aa x == chord 


of Ab, 42* 9: a ruler on p and x, gives p; then is 
AD equal to 42* 9“. 


3d. On ©, with the tangent of the angle n, 36 


87, deſcribe an arc mc; on D, with the ſecant of 
L B, 368“, cut the arc uc in c; on c, with the 
ſame radius, deſcribe a circumference DB, then the 
triangle ADB, will be that required, 1. 


III. 7 0 put DA on hs primitive n Fig. 3. 2.5 


iſt. Lay down ap with the chord of 42 9: 
Draw the diameter DF; and another O, perpen- 
dicular to DF. 

2d, On 4, with the ſecant of the ſupplement of 
C A, Viz. 52 10, cut the diameter E © in c; 
and on c, with the ſame radius, deſcribe the circum- 
ference ABG. 


3d. Make Oy equal to the tangent of half the 


ſupplement 4 a, viz. 26* 5', a ruler by and p 
gives x. 

4th. Make xm xn with the chord of CB, 36* 8; 
a ruler by 6 and gives r, by c and m gives 53 on } 
the middle of 7s, with the radius bs, cut © E in p. 

5th. A ruler on F and p, gives H; make H =; 
a ruler on ꝝ and & gives c; with the radius cb, deſcribe 
the cireumference DBF; and the triangle — is chat 
ſought. 
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Computation by the Logarithmic Scales, 
To find the fide Bp. 
Say, as the ſine of 4, is to the fide Ap; 
So is the fine of 4a, to the ſide 35. 
Then the extent from the ſine of 36 8' to the hne 
of 42* 9, will reach from the ſine of 32 10 {the 


ſupplement of 127? 50) U to the line of 63* * 
ſide BD. 


70 And the fide an. 


Say, as the radius, is to the coſine of the 4 A; 

So is the tangent of ap, to the tangent of a 4th arc. 

And, as tangent of L;, to the tangent of the Z a; 

So is the {ine of the 4th arc, to the fine of a 5th 
„ 
Iben the difference between the ath and 5th arcs 

will be equal to the fide as. n 

The extent from the radius, or the ſine of 90? ta 

the ſine of 35 50 (the complement of 520 1005 will 


reach on the tangents from * 9 to 29 O2 = 4th 


arc. 


And the extent from the tangent of 36 8' to the 
tangent of 52% 10% will reach on the lines from 298, 


02% T0 58* 54 = 5th arc. 

Then the difference between 580 54 and 9. 02, 
gives 29* 32. for the fide AB. 
The extent from the tangent of 36% 8 to the tan- 


gent of 52* 10" is taken as he wed in the ſecond _ 
ration of the firſt Eaſe. 


2 a find the TR 
; ag as == "WK is to the coſine of AD, 


Ss is: the tangent of La, to the tangent of a + 4th 


"Poet | 
And as the a0 of tm, to the coſine of LB; | 
801 is the fine of the 4th arc, to the ſine of * 5th arc. 


Then 


Y 


S 


.a- 0 


e 


r — 
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Then the difference between the 4th and 5th arcs 
will give the 4p. 

Now the extent from the fine of oe to the "I 
of 47* 51' (the complement of 42 09') will reach 
from the tangent of 52* 10 to the tangent of 435 400 
But the 4th arc being a cotangent will! be 40* 20, the 
coinplement of 43? 40%. 

Alſo the exteat from the fine of 370 500 (che com- 
plement of 52 100) to the ſine of 53* 52” (the com- 

2 plement. of 36* 080), will reach from the ſine of 4. 
20' to the line of 72 15" the 5th arc. 
_ the difference. between 72* 15 and 46* 20” 
viz. 25 55 will be the angle v. 
Z In applying the firſt extent, viz. from tae ſine of 
h go* to ſine of 47 51", to the tangents; ſet one foot 
on the tangent of 45? and let the other foot reſt where 
5 it falls; move the foot from 45” to 32. 107; then chis 
extent will reach from 45 to 43 400. 


rr Me x e 222 be * 
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Ex. In the ſpherical triangle ABD; 
Given AB = 29 505 

- | BD = 63 59 

-& ps 2 
| Required the triangle, 


| 
| 
1 
4 
i 
il 
4 
| 
\ 
1 
4 
8 
| 
1 


| 


1. To put AB on the primitive cirele. Fig. 1. 3. Pl. VII. 


iſt, Make aB = chord of 29* 50", draw the dia- 
8 meter By, and another © E perpendicular thereto. 
, _ 24. From E, with the fecantof CB, 365 gent x E 
in c, the center of Bp. 
3d. From ©, with the tangent of half < B, Viz 

18* 4 cut O E in r, the pole of br. 1 5 
h 4th. Make B x = Bp, 63* 595 a ruler an > and , 
% gives p. Through 4, p, o, deicribe a circumference, 
and the triangle aps is that required, whoſe Parts ap, 
| £4, and 4D may be thus meaſured, 5 
a a. 


„ 
* 
2 . 5 
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sth. A ruleron 4 and s gives z, make 2 y £ Schorq 
of g0*; a ruler on A and y gives p the pole of 4 56; 
a ruler on p and p, gives u, and A n n on the 
chords gives 42* 8” for ap. 

6th. G y meaſured on the chords, gives 711 1 for 
the ſupplement of 4 a; therefore 4 a = 127 49. 

7th. A ruler on p and p gives r, on p and p, gives 
n; and rm, meaſured on the e gives 25˙ 56 for 
= angle BDA. | 


II. To put DB on the primitive erele. Pig. 3. 3. 


1ſt, Make ps = chord of 63 59: draw the dia- 
ameter Br, and perpendicular thereto, the diameter Oo. 

2d. From B, with the ſecant of 4B, 36*8, cut 
© G in c; on e with cs, deſcribe the circumference 
BAT. -.- 
3d. Make OH = tangent of half ZB, 18* , and 
D x = chord of as 290 50", a ruler on p and x gives 
A; through p, 4, E, deſcribe a circumference, and the 


triangle ABN 1S that required, 


III. To put ap on the primitive circle. Fig. 3- 3- 
x. In a right line ed, touching the primitive circle 


in any point 5, take bd = rangent of BD, 63* 59; 


and be = tangent of as, 295 58 

2. Make the angle dba = L B, 36* 8*, and make 
ba = be. | 

4. From d, O, with pa, Oe, deſcribe arcs crolüng 
in x; from x, d, draw the diameters AE, Dr; and 
others OG, OH, perpendicular to AE, FD, 

4. From d, x, with bd, eb, deſcribe arcs * 
in B; and 7 Woh dB, XB. | 

5. From B draw ze, perpendienlar to xB, and 
meeting © 6 produced in o; alſo draw nc perpendi- 


cular to an, and meeting © in c; then c is the center 


of a circumference through 4, B, E; and c the center 


of that through , By F3 and the triangle ABD is that 
required. 34 | 


Compr- 


wh A. we & © 
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Computation of the Logarithmic — 
To find the angles a and c. 


Say as the ſine of half the ſum of the given ſides 


To the ſign of half their difference; 

So is the cotangent of half the given angle 

To the tangent of half the difference of the re- 
quired angles. 


And, as the coſine of half the ſum of the given fades | 


To the coſine of half their difference; 
So 1s the cotangent of half the given angle 
To the tangent of half the ſum of the required angles. 


Then the half difference of the required angles add- 
od to their half ſum will give the greater angle A. 


And the half difference of thoſe angles taken from 


their half ſum will give the leſſer angle o. 


Now the ſum of the given ſides 63˙ 59 and 29, 


50 is 93* 497 their difference is 34 Og"; the half 


ſum = 46O554, and the half difference is I7* o 0 4 


Alſo half the given angle B is 18* O. 


Then the extent from the ſine of 46 54' to the ſine 


of 17* 4, will reach from the tangent of 71* 56”, (the 
complement of 18? 4”) to the tangent of 50* 57 the 
half difference of the required angles. 


Here the extent on the ſines is from right to left or 


decreaſing; ſo the extent on the tangents muſt be 
from left to right, which in this caſe is decreaſing. 


Alſo the extent from the fine of 43 6 (the com- 


plement of 469 54) to the ſine of 72 56' (the com- 


plement of 17 04”); will on the ſcale of tangents 
reach from 71* 56" (the complement of 18* 40 to 


76* 53 the half ſum of the required angles. | 
Then the ſum of 760 557 ant go" 57 = 127" 
50 = LA. 


And the difference of 76? 53 ' and 50 57 nm 25 3 


| 56" . 
The angles being known, the other ſide may hy 
found by _— ſides and Eg and is 42* os”. 


Or 
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Or the other ſide may be found without knoving 
the angles. 

Say, as radius is to the coſine of the given angle; 

So is the tangent of either given ſide, to the tan- 
gent of a 4th are. 

Which 4th arc will be like the ſide uſed when the 
given angle is acute; otherwiſe it will be of a contrary 
kind with the ſide uſed. | 

Then take the difference between the ath arc and 
the other given ſide, call the remainder a 5th arc. 
And as the coſine of the 4th arc is to the coline of a 

5th art; 

So is the coſine of the ſide uſed in the former add 
portion 

To the coſine of the ade required. | 

Now the extent from the ſign of 90% to the ſine 
of 53* 52 (= complement of 36* O87) will reach 
from the tangent of 29 50" to the tangent of 2451 
the 4th arc. 

And 24* 51 taken from 63 59 leaves 395 8˙ for 
the 5th arc. | 

Then the extent from the ſine of 65? og. (the 
complement of 24 51) to the ſine of 30 5 (the 
complement of 39 08') will reach from the fine of 
60˙ 10 (the complement of 29 500) to the fine of 
47* 51'; whoſe complement, viz. 42* og is the fide 
required. | | 

SorurION of CASE IV. 


E In the ſpherical triangle ABD: 
| Given 4. D 5. 25* 85 
4 B 36˙ o8'. 
pz == 63˙ 69. 
Required, The criangle, 


I. To put DB on the primitive circle. F ig. I. 4. Pl. VII. 


1. Male pg = chord of 63* Kg; draw the diame- 
ter BF, and draw OG ; perpendicular to Br. 
1 2. From 
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2. From B, with the ſecant of 48s, 36* 8*, cut © 6 
in c; and c will be the center of Bar. 


3. From p, with the ſecant of L p, 23 857; cut | 


On in c, and c will be the center of par; and the 
triangle DAB is that which was required; whole parts 
pa, BA, and A, are thus meaſured. 

4. Make © p = tangent of 1 4D, 12? 574, a 
ruler on p and 4 gives x; then Dx meaſured on the 
chords gives-42* 10 for ap. 

5. Make O = tangent of 4 B 18* 4, a ruler on 
p and A, gives 2; then zz meaſured on the chords, 
gives 29 54 for AB. 

6. Aruler on a and p, gives 1, on 4 and P, „gives my 
and am meaſured on the chords gives 32 10 the ſup- 
plement of the angle 4. Therefore 4 a = 127 55 


II. To put Da on the primitive circle, Fig 2. 4. 


1ſt. From p, with the ſecant of 4 p, 25* 55 cut 
©F in c; and c is the center of the circumference DBE: 

2d. Make © p = tangent of 2 b, 12* 5) and 
make px = chord of 8D, 635 59's a ruler on p, x, 
gives B; and DB is 63* 59“. 

3d. Make the angle cyc = 4 B, 36* 8'z through 


©, draw mc perpendicular to BO, cutting Br inc; on 


c, with the radius en, deſcribe the circumference AB; 
and the triangle ABp, is that which was required. 


III. To put aB on the primitive circle. Fig. 3. 4. 


iſt. From B, with the ſecant of 4s, 365 8“ cut 
S in cz and e is the center of the circumference of 
BDE. 

24, Make gx = chord of Bp, 63 59; and © Þ == 
tangent n. 18, 4; a ruler on p and x you D; 
then is BD = 63 

3d. Make the angle CDC = 4D, 29 55; then auc 
drawn perpendicular to © p, meeting pc in c, gives 
c the center of the circumference apc; and the tri- 
| angle ABD will be that required. 
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Computation by the Lagarithmic Scales. 
To find the angle a. 


Say, as radiusis to the coſine of the given fide ; 

So 15 the tangent of either given angle to the cotan- 
gent of a 4th arc. 
Call the difference between the other given angle 
| ind the 4th are, the 5th arc. 
And as the ſine of the 4th arc, is to the ſine of the 
gth are; | 


So is the coſine of the angle uſed in the former pro- 


portion . 

To the coſine of the required angle. | 
The 4tharc will be of the ſame kind with the angle 
firſt uſed, if the given fide is lefs than 9o*; but of a 
contrary kind if that fide is greater than go?. 

Ares are ſaid to be of the ſame kind, when both 
are leſs, or both greater, than go degrees. 

The required angle will be of the ſame kind with 
the angle uſed in the proportions, if the 4th arc is leſs 
than the other angle; but of an unlike kind when the 
4th arc is greater than the other angle. 

Now the extent from the ſine of go" to the ſine of 
26* O1“ (the complement of 63* 59”) will reach from 


the tangent of 25. 55” to the tangent of 12% 02*: But 


this 5 the complement of the 4th arc, which i8 
27 5 

*, oh 365 08” taken from 77 580 leaves 41˙ 50˙ 
for the gth arc. 

Then the extent from the ſite of 77% 58" to the fine 
of 41* 507, will reach from the ſine of 645 (the 
complement of 23° 55 ) to the fine. of 37* 50, 
which is the complement to 52 017 

But as the 4th arc was greater than 36" oY, the 
angle ſought is to be of a'contrary kind to 2 5 55, 


= 4D,) that is, that A is to be obtuſe; ſo 127 0 


(the . eee of 52 100 is to be taken for the 
angle A. | Now 


To 
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Now all the angles and one ſide being known, the 


other ſides may be found by the pro ortion ſubſiſting 


between the ſines of angles, and the ſines of their 
PP ſides. 8 5 
Or ſay, 
As the five of half the ſum of the given angles 
Is to the ſine of half the difference of thoſe angles; 
So is the tangent of half the given ſide 
To the tangent of half the difference of the re- 
quired ſides, ' 
a 


As the coſine of half the ſum of the given \ angles 

Is tothe coſine of half the differenceof thoſe ae 3 

So is the tangent of half the given ſide, 

To the tangent of half the ſum ofthe required Ddes: 

Then the half difference added to the half ſum, 
gives the greater of the ſought ſides. 

And the half difference ſubtracted from the half 


| ſum, gives the leſſer of the ſought ſides, 


Now the half ſum of the given angles, viz. 
"LD —— 243231 Dies 

And the half difference of thoſe angles, viz. 
LLB— GTP 6, | 

Alſo the half of the given {ide DB, is 31* 592”. 
Then the extent from the ſine of 315 1 to the ſine 
of 5* 653 

Will! reach from the tangent of 31* 59", to the 
tangent 6* g'. | 

And the extent from the ſine of 582 59 (= com- 
plement of gr O10 to the ſine of 2 54 (the com- 
1 of 5* 600, will reach from the tangent of 

59” to the tangent of 35˙ 58. 

” Then the ſum of 35* 58 and 67 35 diz. 42* or 

== A; 


And the difference of 35* 55 and 6* 3 „ Viz. 1 


55 AB. 


SOLU» 


_c The 22 and d te 


SoLvTION of CASE 3 


Ex. in the tpharical triangle ABD: 
Given AB == 29* 30 
2 == 42 9 
BD 63 59 
Requirtd, The A 


i 7 7 piit AB 03 the e circle. Fj IS» I; 3551. VII. 
ft. Make an chord of 29. 500; * the dia- 

meter BF. 

2. Make an chord of Ap, 42* 95 and By = 

chord of Bp, 63* 59. 

3d. From x, with the tangent of Ap, 42 9 , cut 
EA produced in ; and from « c, with that radius, de- 
ſceribe the arc un; from m, with the tangent of Bo, 
69* 59), cut FB produced in c; and from c, with the 
radius em, cut the arc un in D. 

Ath. Through a, D, E; B, D, F, deſcribe circum- 
ferences: and the triangle aDB is chat which was re- 
quired ; whoſe angles 4, B, D, are thus meaſured: 

5th. A ruler on 4 and a, gives. x; on B and 3, 
gives 2; make æy, zv, each go“; a ruler on 4 and y 
gives p, ina radius perpendicular to An; and a ruler 
on B and v gives 7. in a radius perpendicular to 
RF. 

6th. xy moaſured on the chords, gives 52? 12" for 
the ſupplement of the CA; therefore £a==125* 48. 

7th. ro meaſured on the chords, gwes 36 10 for 
the angle B. 


8th. A ruler on 5 and Þ gives +, and on D and 4 


gives 3; then 2s meaſured on the chords, gives 25 
58 for the angle p. 
The ſides, Ap, DB, are put on the primitive circle; 


by a conſtruction ſo like the foregoing one, that it is 


needleſs to repeat it. See figures 2. f. and 3. 5. 
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Computation by the Logarithmic Sralee. 


To find the angle Aa. 
The ſides including the angle a are aD=42* 09" 
And aB=29 50 


Their difference call x =12 19 
The ſide oppoſite the CA is BD=63 59 
Then the ſum of Bp and x is 76* 18”; the half ſum 
is 38* O97; 
And the difference of Bo and x is 51 407 the half 
difference is 25* 50%, 
Nov take the extent on the line of fines, from the 
balf ſum 38* 97 to either of the containing ſides, as to 
29* 50's apply this extent from the other containing 


ſide 42 og” towards the left, there let the foot reſt, 


and extend the other point (v:z: that which was ſet on 
42 09") to the half difference 25* 507; then this ex- 
tent applied to the line of verſed lines, will reach from 
o degrees (at the beginning) to 52” 12“; the ſupple- 


ment of which, or 127* 48 will be the degrees in 
the angle A. | 1 


Again. To find the angle D. 


The ſides n the angle v, are BD = 63* 39 
And AD = 42 09 


Their difference call x =21 50 

The ſide oppoſite to the 4D is AB =29 50 

Then the ſum of as and x is 31 400; the half ſum 

2 25 507” 
And the difference of BA and x is 8* © ; the half 

difference 1 is 4* OO. : | 
Then the extent on the fines from 25* 50 to 6 4 

59 wilt reach from the fine of 42* og to ſome point 
beyond go? ; therefore apply the extent between 25* 

50 and 63* 59 from the ſine of 90 downwards, let 

the point reſt where it falls, and bring that point 

which was ſet on 90 to 42* 09'; then will the diſtance. 

between 


| 
| 
| ; 
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between the feet ſhew how far the firſt extent would 


reach beyond goꝰ: Now apply this extent on the ſines 


from the point oppoſite to the middle 1 on the line 


of numbers, the other foot falling upwards to the 
right, let it reſt there, and extend the other foot to 


the half difference 4* o': Then this extent applied to 
the verſed ſines, one foot being ſet on the point oppo- 
ſite the middle 1 on the line of numbers, the other 


foot will fall on 154* 57; the ſupplement whereof, 


VIZ. 2 55 550 will be the angle p. 


Sor vr of CASE VI. 


Ex, In the ſpherical triangle app : 7 
| | Given ZA 127? 50. = 
4 8 = 1 8 : 
+ ED 525) 55 
Required, The triangle. 


. Ts put AB en the Primitive circle. Pig b. 6. Pl. vn. 


Iſt. From s, with the ſecant of 4.8, 3687, cut 
Or in c, and c will be the center of the circunforence 
through B, D, E. 
2d. From ©, with the tangent of 52* 10 the ſup- 
plement of LA, deſcribe an arc xc. 

3d. Make an angle cag = 4D, 25 55 make 
aq, equat Rx. (= = ſecant af: £22 207) 
4th, From c, with the radius cg, cut xc inc; 
From 95 with the radius ga, deſcribe a circumference 
Apo; and the triangle Anb, is that which was re- 
quired : whoſe ſides AB, BD, DA, Ae meaſured a5 fol- 
lows. 

. 5th. A ruler on 8 and a gives 4, and on A and i, 
gives F; make dg, fb, each go degrees; a ruler on 85 
and B gives p, and on þ — A, gives p, in Or, 
drawn perpendicular to ER, 40. 

6th. A ruler on Þ and p gives u, and on p and D, 
gives m. 


7th, 
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" 7th. Then Ba, By, am, meaſured on the chords, 
gives 29% 500; 63* £9"; 42* 9; for the reſpective 
meaſures of BA, BD, ad. W 
The directions for this copſtruction, may be eaſily 
applied to the putting either of the other ſides on the 
primitive cirche. Fig. 2. 6. and 3. 6. Pl. VII. 


Computation by the Logarithmic Sets. 
_ To find the fide 2D: 
The angles including the fide Bp, are 4B==36* 08' 
- Their difference call x=10 13 
The ſupplementof the £4 oppoſite to Bo is 32 10 
The ſum of the ſupplement of CA and x is 622303 
the half ſum is 31* 112. OS 
The difference of the ſupplement of 2 4 and x is 
41* 57'; the half difference is 20* 58.7”, 54 
- Now on the fines, the extent from the half ſum 
31* 11% to 25* 55” will reach from 36* 08“ to a 
fourth ſine ; and the extent from that fourth fine to 
the fine of the half difference 20* 58; will reach on 
the verſed ſines from the beginning to about 64® the 
ſide ſoughr. | 


And in like manner may the other ſides be found. 


SECT. XX. 
The uſe of the Sector in drawing the Perſpeclive 
. repreſentations of Objects. 


I may be of uſe, to beginners, to explain briefly 
1 a few terms and notions uſed in this art, relative 
to the examples which follow. i bs. 

1. The Picnvae, or plane, upon which the repre- 
ſentation is to be exhibited, is ſuppoſed to be tranſpa- 
rent, like a plate of glaſs; and to ſtand upright upon 
the ground, between the object ſeen upon the 

„ ground, 
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ground, or upon a plane parallel to it, 4 the eye 
which is obſerving that object; and that every ima- 
ginary ſtraight line coming from the objett to the eye, 
interſects the picture in a point: The art of finding 
theſe points upon the picture, is the moſt conſidera- 
ble part of PERSPRECTIVE. 

2. The OkICINxAL PLANE, or E PLANE, 
is the ground, floor, or ceiling, upon which reſts the 
object to be repreſented. 
| The GROUND LINE; or INTERSECTION, is the 

line in which the original plane meets the picture; 
and is the bottom, or top, line of the picture, uſually 
called the Star of all points and lines in the original 
plane, when the POINT ſtands vertically to that 
plane. - 


4. The Poixr or $1GHT, is that point where the 
ſpetitor s eye ought to be placed, to look at that 


icture. 

207 The VaxisniG LINE, uſually called the Hol- 
ZONTAL LINE, is 2 line in the pies parallel to the 
ground line; and is the interſection of a plane, ſup- 
poſed to paſs through the point of ne in a * 
poſition to the original plane. 

6. The ENTER OF THE VANISHING LINE, is that 
point in it, which is perpendicularly oppoſite to the 
point of ſight; and is called the ENTER oF THE 
PICTURE 3 when in a plane vertical to the ground 
1 
| The pisrANcE OF THE PICTURE, is the diſtance 

between its center and the place of the eye. 
8. The vanisninG PoinT, of an original line, is 


a point in the vaniſhing line, where it is interſected 


by a line drawn . the eye parallel to the origi- 
h nal —_ 

9. In the following examples,” (fee Plate VIII.) 
two parallel lines are drawn at a given diſtance from 
one another, ſuppoſe 5 feet, that diſtance being taken 
as the heighs of the eye above the floor on —_ 
the 


4 


| 
] 
( 


* 
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the picture ſtands: The lower line repreſents the 
interſection, or ground line, and the upper line re- 
preſents the vaniſhing line. The point c is taken 
as the center, as weil of the vaniſhing line, as of the 
picture; and the vertical line or being drawn, the 
point F repreſents 1ts foor. 

Alſo, the eye is conceived to be the center; its 
diſtance from the picture to be the radius; and the 
vaniſhing line to be taken as a line of tangents pro- 
ceeding from the center c of the picture, as well to 


the left hand as to the right. 


10. The inclination of any original ling to the 
a being known, its vaniſhing point will be 
nown, by applying the tangent of the complement 
of the degrees in that inclination, on the vaniſhin 
line, from its center : And the ſecant of the comple- 
ment of that inclination being applied from that va- 
niſhing point towards the center, gives what may: be 
called the VISUAL POINT of that line. 14 
11. The tangents, of any number of degrees, when 
applied to the vaniſhing line, from a given point 
in it, muſt always be reckoned from its center. 
Thus. Take the difference between the degrees to 
be applied, and thoſe in the diſtance between the 
center and the point from whence they are to be 


applied: When this diſtance contains moſt degrees, 


the ſaid difference is to be laid from the center to- 
wards the ſaid point; but when that diſtance is leaſt, 
the difference is laid from the center, the contrary 
way; always taking the ſaid difference from the 
tangents, the ſector being ſet to the proper radius. 

12. The eye is ſuppoſed to be before the picture, 
and the objects viewed, to be behind, or on the other 


ſide, beyond the picture. The neareſt diſtance from 


the picture, of a point in the original plane, may be 


called the NORMAL DIS TAN E; and the diſtance of 


that point taken ſideways, either to the right or left 


of the foot r, may be called THE LATERAL DISTANCE 
ef that point. 


K 1 | 13, In 
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13. In any object, thoſe lines which are parallel to 
the ground line, and to the picture, will have their 
repreſentations in the picture parallel to the vaniſhing 
line. 

14. Thoſe lines which are vertical to the original 
plane, or floor, and parallel to the picturk, will have 
their . at right angles to the vaniſhing 
1 0 ps 

„ Thoſe lines which are normal to the picture, 
will be repreſented by lines tending to the center of 
the picture, which then becomes the vaniſhing point 
of thoſe lines, - 

16. Lines which are parallel to the original plane, 
and inclined to the picture, do all tend to one and the 
ſame” Wini point, in the common vaniſhing 
Ie.” 6 

29-5 Parallel: lines, which are 88 to both the 


| picture and original plane, will have one and the 


ſame vaniſhing point, in a line parallel to the hori- 
er nde, either above or below it. 


= An eitz J. To fond the point a in the picture; 
de ſpall be the Fepreſentation of a point on the ori- 


ginal plane, normally arftant 3 feet, and lateral, l'y 4 fant 
— 2 feet zo the left. Fig. 1. H. VIII. 


© SoLUTION. Set the ſector to any convenient radius 


on the tangents, to repreſent the diſtance between the 


eye and center (ſuppoſe | ir equal to the height or); 


and apply that radius, or tangent of 45 * from C to 


vo and v, on the vaniſhing line vv: 

On the interſection, or ſeat rb, apply the lateral 
diſtance 2 feet from P to 2, and the normal diſtance 
3 feet, from a to ; Then the lines ca and vb, or 
V being drawn, their interſection will give the point 
A for the vepreſentacion' required. 


4 4 * 18 
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19. Extrcise II. From à given point à in the pic- 
ture, to draw» a line, which will repreſent one on the ori- 
ęinal plane, or floor, inclined to the picture in a given 
angle; ſuppeſe of 25 degrees. Fig, 1. Pl. VIII. 
SoLuTION, Make the radius cv a tranſverſe diſ- 
tance to 45%, on the tangents ; take the tangent of 
65, the complement of the given inclination 235, and . 
apply it from e, on the vaniſhing line, gives v the 
vaniſhing point of that line. Then a line drawn 
from A to v will be the repreſentation required. 


20. Exercrse III. At 4 given Print a, in the pic. 
ture, to form an angle, cohichſpall repreſent an angle on 
che floor, of a given number of degrees, ſuppoſe 70; one 
leg of the angle being inclined to the picture in a groen 
poſatton, as of 25 degrees. Fig. 2. Pl. VIII. 

SoLUT1ON, Draw the line av (by Exer, IT.) repre- 
ſenting the line inclined to the picture in an angle of 
25 degrees. 

From the point v, apply the tangent of 70* towards 
e; and it gives the point v; that is, cv is the tan- 
gent of 35, the difference berweeh 70% and 65% 

Draw the line av, and the angle AD, will be the 
tepreninden required. 


21. Exkäcisk IV. In the repreſentation av, of an 
original line, to apply, from a given point A, the mea- 
ſure of any propoſed length; ſuppoſe of 4 feet. Fig. 2. 

SoLUTIONn. Through a draw ap parallel to v; a 
ruler by c and a gives a, in the feat pc; in which 
take ac of 4 feet; then a line ec, cuts ap in p. 

Meaſure the diſtance cv on the ſectoral tangents 
tranſverſely; ſuppoſe it 65²; take the ſecant of thoſe 

degrees, and ſet this diſtance from v to ; then a 
line drawn from x to p; cuts ad in B; and à is the 

3 the propoſed; 'of 4 feet * 
K 4 : AS 
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As cv is equal to the tangent of 5*; then the 
ſecant of 3 ſet from v, gives & 3 and a line drawn 
from thence to p, cuts from av, a line AB, which 
1 alſo the repreſentation. of 4 feet., 


22. Exrncis V. To e the * 15 


8 I. In the baer: alas Fig. 3. 


Pl. VIII. 


Let the ſide be 4 feet; the inclination 40; the 
normal diſtance 2 feet, and the lateral diſtance 2 
feet to the left. 

Soluriox. Find the point a, by Exer. 1. the po- 
ſition of av, by Exer. II. and the leygth | of AB, 
by Exer. IV. 

The angle of an equilateral triangle being 60®, 
apply its tangent from v, the vaniſhing point of as, 
towards c, that is, make cv) =tangent of 10?, the 
difference between 60 and 0e, gives v the vaniſh- 
ing point of another ſide az. 

The tangent of 602 alſo, being applied from v to 

v* (by Art. II. that is making cy equal to the tan- 
3 of 700; then v becomes che vaniſhing point 
of the other fide „ 

The meeting of Av and B in £, is the third an- 
gular point; and the triangle ABE is the repreſenta- 
tion of the equilateral triangle, as required. | 
If more of ſuch triangles, contiguous to one ano- 
ther, were ta, be repreſented ; then lines drawn from 
* through the interſections of vx, Vn, &c. will form 
a number. of equilateral triangles, which may repre- 
eng: a pavement of ſuch figures. 

Hence it will be eaſy to find the repreſentation of 
| any plane triangle, by having a ſaſicioy Gay ens 
the ſides and angles. wh 
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23. 8 ll. "6 the S uare. Fig. 4. 

Let the fide be 4 feet; = inclination 40 the 
normal diſtance 2 feet, and lateral diſtance 2 feet to 
the right. 

SoLuTION. Find the point a, with the poſition | 
and length of AB, by Exer. I. II. IV. 2 being the 
vaniſhing point of as. 

The angle of a ſquare being goe, apply the tan- 
gent of the complement of cx from c to , which 
is the vaniſhing point of the ſides of the ſquare 


paſſing through A and B. 


As the diagonal of a ſquare makes 2 an angle of 43 
with its ſide AB, apply the tangent of 45? from x to 
#* (by Art. II; that is, make cn tang. of 5*), 
ef. nis the vaniſhing point of the diagonal Ax; 
meeting n in E; then uE meeting WA in D, forms 


the ſquare ABE D, as required. 


If more of ſuch ſquares, contiguous to one another; 
were to be repreſented; the interſections of lines from 
the vaniſhing points u, v, with thoſe from the vaniſh- 


ing point W of the diagonals, will form a number of 
perſpective, ſquares, which together may repreſent 


a pavement compoſed of ſquares. 

Hence it will be eaſy to find the repreſentation of 
any quadrilateral right line figure; by having a pro- 
per data among the lines and angles in that figure. 


24. Exam. III. In the Pentagon. Fig. 5. Pl. VIII. 
Let the ſide be 4 feet; the inclination 40“; the 


normal diſtance 2 feet, and the lateral diſtance 2 feet, 
to the left. 


SoLuTiON, Find the dint. A, with the poſition 
and length of AB, by Exer. I, II. IV. v being 


the vaniſhing point of AB. 


The angle of a pentagon being 108⸗j the two 


diagonals drawn thence to oppoſite angles, diyides 


Re z308* into bn equal parts of 36* each: Then as 
, — 
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ev is the tangent of 30˙ go leſſened by 365 leaves 


14% make c the tangent of Ię, and v is the va- 
niſhing point of a diagonal to A; alſo 36. leſſened by 

145 leaves 22*; then c of being made equal to the 
tangent of 225, gives v for the vaniſhing point of 
another diagonal do. A; and the ſum of 22% and 365 


bs 58% 3 make ev the tangent of 587 and draw v 4, 
50 A, U A. 


The external: angle of a Pentagon being 72“, which 


is equal to the angle vnvꝰ; therefore vis the va- 
nifhing- point of a fide through B; then drawing 
BY, it cuts v* A in the point b, an angular point of 
the pentagon : Alſo drawing By, cutting Av in x, 
another angular point of the pentagon : laſtly, draw- 
E, its meeting of av" in , is the fifth point. 

So As bro is the repreſentation of the pentagon, as 
required. 

By the directions here given, the perſpective 
apprarance of an irregular pentagonal figure may be 
ehibired; a ſufficient number of lines ahd angles ir in 
that figure being. known, 


25. Ex. IV. In a Hikedgen, Fig. 6 6. Pl. vin. 


Let the ſide be 4 fert; the inclination 20“; the 


normal diftance' 2 feet; and the lateral. diſtance 5 
feet, to' the right, 


SotvrTton. Find the point a, wiki the poſition 


and magnitude of as, by Exer. I. II. IV. 1 being 


the vaniſhing point of 3. 

In a Hexagon the intern angle is 120˙, and the ex- 
tern angle is 60*, therefore the rangent of boo applied 
from # towards c (Art. 11.) gives # the vaniſhing 


point of lines through ; and 4: Alſo the tangent of 


50 applied from (Art. 11.) will reach to v; fo 
that u, 1 and v, are all the vatiſſhing points wanted; 


den belonging o a aner, at two 'oppolite 
des. | | 


'Draw 


wat. wn FF TY 


Mm «s 


7 
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Draw YA, UB; WA, B; and where vB, WA, cut 
in o, is the repreſentation of the center of the Hexa- 
gon: A line through and o, cuts 15, va, in p and 


1, two angular points of the figure. 


Draw 11, its meeting with vs in o, is es 
angular point. Laſtly, drawing no, and it gives in 
„A the point E, the ſixtn angular point; So the 


figure ABDEGI 15 the repreentatinn ot. the: Hexagon 


as ; required. 8 5 

It is eaſy to ſee how, by the bah < he three 
vaniſhing points, u, ., v, other Hexagonal figures 
may be annexed. 

If in any of theſe examples, the given fide was 
parallel to the vaniſhing line, or was normal to the 
picture, and ſo vaniſhed in the center, the ſolution 


would readily follow from what has Aru deen 
ſzid, 2 


oG Bista VI. The repreſentation AB of A 
diameter of a circle being given; to. find that of 
another diameter normal to the picture, or directed 
towards its center. Fig. 7. Pl. VIII. 

SoLvT1ION.. Find v, the vaniſhing point of AB; 
then cv applied tranſverſely to the tangents, cy be- 
ing radius, gives 507 for the complement of the in- 
clination of that diameter repreſented by aB; and 
make vx ſecant of 30 degrees. 

A ruler by x and a, B, cuts the ſeat rb, in a, 40 
alſo a ruler by x, and d, the middle of a 6, gives in 
AB, the point c the Par of the center: draw a line 
through c and c. 

Make c Staggent of half the. ages in cv: 
then a ruler by d and a, v: and B, will cut cc in D 
and r, the cxrremities of the diameter ſought, * | 


27: Exegcrss VII. To deſcribe the 6 repreſenaton 


> > &.3 


, che 
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the picture in an angle of 20 degrees; the neareſt end 
of that diameter being normally diſtant 3 feet, and 
laterally 5 feet to the right. Fig. 8. | 
Soruriox. Find the point A, with the poſition 
and magnitude of as, by Exer. I. II. IV. # be- 
ing the vaniſhing point of As. 

Make = tangent of 20%; then the points nn 
are 9oꝰ diſtant. . 

Make c "==tangent of 25*; then » is 45* diſtant 
from # and . 

Then Wa, #B; 1 E, being drawn, they meet in 

E and D; and through theſe points, xx, ub, being 
Wo the repr eſentation of a ſquare HEGD, circum- 
ſcribing that circle, will be formed, where o repre- 
ſents the center. 

A ruler by and A,7 and B, gives e ms d in the 
ſeat rd; and f is the middle of e d. 

Make fe or fd, a tranſverſe diſtance to go ad 90 
on the ſectoral ſines; and on theſe lines apply, on 
both ſides of /, the ſines and coſines of ſuch degrees 
as may be judged proper, as of 20%, 307 and ; 40* Z 
or, as in this example, of 235 and 40. 

Lines from W to each of the diviſions of e d, will 
interſect the diagonal 7's in as many points, which } 
mark like thoſe of ed; call theſe fine lines. | 

Lines from u, through the ſaid marked points in 
the diagonal, will cut the former lines through thoſe 

points; call theſe latter cofrne lines. 

Mark the points of interſection, where the /ine lines 


and their co/ine lines meet; and theſe en e 
will be points in the periphery. 


Then a ſmooth and uniform line deſcribed 


through thoſe points, will be the ellipſis, repreſenting 
the circumference of the circle, as required. 


Many other inſtances. of the vſe of the ſector, in 
drawing the perſpective appearance of objects, might 
be produced: But theſe examples well underſtood, 

will 
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the picture in an angle of 20 degrees; the neareſt end 

of that diameter being normally diſtant 3 feet, and 

laterally 5 feet to the 1 right. Fig. 8. 

SorurIOoN. Find the point A, with the poſition 

and magnitude of as, by Exer. I. II. IV. 2 be- 
ing the vaniſhing point of AB. 

Make c#*==tangent of 20* ; then the points 11 
are go: diſtant. 

Make cn = tangent of 25* ; then 1 is 45* diſtant 
from n and . | 

Then wa, #B; nt, being drawn, they meet in 
E and p; and through theſe points, AE, ub, being 
drawn, the repreſentation of a ſquare man circum- 
ſcribing that circle, will be formed, where o repre- 
ſents the center. 

A ruler by * and a, 77 and B, gives e and d in the 
ſeat xd; and F is the middle of e d. | 

Make fe or fd, a tranſverſe diſtance to go and 90 

on the ſectoral ſines; and on theſe lines apply, on 
both fides of /, the fines and coſines of ſuch degrees 
as may be judged proper, as of 20%, 30˙ and ; 40*; 
or, as in this example, of 25 and 405. 

Lines from to each of the diviſions of e d, will 
interſect the diagonal E in as many points, which 
mark like thoſe of ed; call theſe fine lines. 

Lines from 7, through the ſaid marked points in 
the diagonal, will cut the former lines through thoſe 

oints; call theſe latter cofrne lines. 

Mark the points of interſection, where the f ne lines 
and their ceſine lines meet; and theſe interſections 
will be points in the periphery. 

Then a ſmooth and uniform line deſcribed 
through thoſe points, will be the ellipſis, repreſenting 
the circumference of the circle, as required. 


7 Many other inſtances of the uſe of the ſector, in 

drawing the perſpective appearance of objects, might 

be produced: But theſe examples well underſtood, 
will 


2. 


5 


—— — 


; 2 . . . 
| Vo . 2 - X- 1 ———— . S F [ag 
oo % * Fr > ou / * F 
/ \ 1 > - / . / \ : 0 
7 18 / a NI 
| . / "M 
: / — 7 #25 "KR - 
/ . . / 8 1 . = 7 
/ r 
» / 1 —— U 
/ * / CY 15 * 
i / / 
/ . / Q My 
/ Py / hs 670 
/ _ / 
/ M 7 / . L / 7 
/ D / _ = 
57 OY 0 7 \ 
/ : / — # 1 
/ Fa 8 / 
U / of U . 
Pf / 5 
i > > V 
1 is 
* > 5 . 
> * 
* 
* 


1 


of Mathematical Inſiruments. 141 


will enable the inquiſitive to apply the precepts to 


other examples, which may be found in the books 


wrote on the . of perſpective. 


8 EC T. XXI. 
Of the proportional Compaſſes. 


bs HOSE compaſſes are called proportional, 
whoſe joint lies between the points terminating 
each leg; in ſuch a manner, that when the compaſſes 
are opened, the legs form a croſs. 

SUCH compaſſes are either ſimple or compound. 


SIMPLE Proportional compaſſes, are ſuch, whoſe 
center is fixed: One pair of theſe, ſerve only for one 


5 proportion. | 
Tavs, if a right line is to be divid into 2, 3, 4 
5, Sc. equal parts ; 3.07, the chord af, 4 tas 


part of a circumference is to be taken ; ; there muſt 


be as many of ſuch compaſſes, as there are diſtinct 
operations to be performed. 
In each caſe, take the length of the right line, or 


of the radius of the circle, between the longer. points 
of the legs; and the diſtance of the ſhorter points 


will be the part required, 


Compouxn proportional compaſſes are hoſe 


wherein the center is moveable ; ſo that one pair of 


theſe, will perform the office of ſeveral i of the 


ſimple fort. | 
In the ſhanks of theſe compaſſes are grooves, 


wherein ſlides the center, which is made faſt by a nut 


and ſcrew. 
Ox each ſide of theſe grooves, ſcales are placed; 


which may be of various ſorts, according to the fancy 


of the buyer: But the ſcales Which the inſtrument- 
makers commonly put on theſe compaſſes, are only 
two, viz. lines and circles. = 

: By 
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By the ſcale of lines, -a right line may be divided 


into a number of equal parts, not exceeding the 


greateſt number on the ſcale; which is generally 15, 


Exam. I. To divide a given right line, (ſuppoſe 
of 72 inches long,) into a Propoſed number of equal 
Parra. (as 11. 

OrrxATIO N. Shut the compaſſes; vaſcrew: the 
button; move the” flider until the line acroſs it, coin- 
eides with the 11th diviſion on the ſcale of lines; 
ſcrew the button faſt; open the compaſſes, until the 
given line can be received between the longer points 
of the legs; then will the diſtance of the ſhorter 
points be the 1ith part of the gion line, as re- 
quired, . 


By the ſcale of circles, a vegülnr polygon may be 


inſcribed in a given circle; provided the number of 
fides in the polygon, do not exceed the rauen on 
* ſcale, which commonly proceed to 24. 
E xa. II. To inſcribe in a eircle of a u ra- 
dius, (ſuppoſe 6 inches) a regular polygonof 12 ſides? 

OrrxAriex. Shut the compaſies ; ante the 
button: ſlide the center until its mark coincides with 
the r2th diviſion on the ſcale of circles; ferew the 
button faſt; take the given radius between the longer 


points of the legs; then will the diſtance of the 


ſhorter points, be the ſide of the polygon required. 

TRxEsE ſcales are applicable to ſeveral other uſes 
beſide the foregoing ones, in the ſame. mapner, as the 
like lines on the: ſector are. 


— — 


5 to divide a ris ehe l line info 2, 3, 4, 5s 
6, 75 ad Sc. W * 3 the thghe bf each leg, 


from 


* i pon, 


m 
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from the center, will be expreſſed by the following 


ſeries, the whole Rue of the inſtrument being taken 


for unity. 


Longer leg, 2 B 4, , 5» „, . 
Shorter leg, 3, 4, 4» 5, 7» #2 c. 


Trex diviſions may be very accurately laid on the 
legs of the compaſſes by the help of a good ſector. 
(See Prob. 14.) 
Ons, the divifions of this male of lines may be found 
by the following conftruftion. | 

In the two lines AB, aa, meeting in any angle at 
4, take as for the length of the ſcale from: 
whence the proportions are A — 
taken; and aa for the C 
jength of the ſhank of the ee 
compaſſes; z and through a D_ E 
draw the indefinite right 636 TEST 
line ps, parallel to as. F a 

Draw any right line BB, cutting 4. =y in e, . 

Then Ac: ca:: AB: 4 

Taskronx, to find the divifions of Aa, ſo that ah 
may be a given part of AB, ſuppoſe the ath part ; or 
that n times ab be equal to AB. 
SUBPOSE the line 44 to contain v wo pars of 


O Ae . ce: 11 aL an Al. 


* * . 
v2 


On Þ xr; 
On Þ 


1+5. 48 B 1 · aB. 


9 0 
. 


So — „; and 40 P; when the 
mark on the ſlider (or moveable center) is oppoſite 


: * ( TIE | 704 11 


to 
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to the ſerew- pin. But if the center of the ſcrew - pin 
be diſtant. from the mark in the ſlider by a known 
quantity, ſuppoſe the th part of v. 


1 
Then 4 =(, TIES. =). ED! F 


Ex. If y= 10000, n = 400, and wr, or 2, 
or 3, Sc. 

Then ac g gooo, or 3333, or 2500, Sc. when 
the diviſions on the ſhank reſpect the center pin. 


And ac = $5025 or 3358 or 2525, ES 


4975 of 3308 or 2475, Sc. 
when the diviſions reſpect. a mark in the ſlider, diſtant 


from the center bin, 2 5 the nun of the Inſtru- 


ment. 8 1 . 


| Taz "I for dividing of * cake. or the evi 
ſions for regular polygons may be found thus. 
Fir the angles at the center, of as many regular 
polygons as are to be deſcribed on the compaſſes. 
SEEK the ſines belonging to the half of each ende 
to the radius .. 
To each of theſe fines doubled, add the radius 1. 
Tux will the reciprocal of theſe numbers, be the 


lengths of the polygonal divifions, on the legs of the 
compaſſes, reckoned from the longer point; the 


length of the inſtrument being accounted unity. 


Fox the longer and ſhorter legs, (or points) are 


in the ſame ratio, as are the radius and chord of the 
A cr, 7D” 
And. as the ſum of the radius and chord, is to the 


radius; ſo is the ſam of the longer and ſhorter legs, 


(or points) to the length of the longer point, 
Anp hence was the following table compoſed, 


which ſhews the decimal parts. on Lag les, es Fae 5 


longer point to the center. = 


+ * . . 
— —— x” —— * — * * - —ũ 4+ ewe 


a 4 *. 9 
© K * . . 4 4 * „ >. as 


—_— 


- — 4 ®. — 1 
. . . A \ i: N 4 
: f y p — = « > * . 
z 7 ; ere Fe 4 «+ — i fi. * 
7 * 
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* 


— 


| : | 


Length on] -|Lengthon| ꝙ Length on 
5 the Leg. 7 the Leg. 5 the Leg. 


= 


0, 3333 j11| 0,6396 19 , 7823 
O, 4142 [12 0, 6589 20 0, 7617 
0, 4597 13] 0,6763 21] 0, 700 
O, 5000 14] 0,6921 22 0,7785 1 
O, 5354 [15] 0,7063 [23 0,7860 
0, 8668 16 0, 7193 24] 0,7931 
0,5940 [17 , 7313 5 
0,6180 [181 0,7423 


— 


ng 


© © OO O 


— 


— — 


— 


Txzsz diviſions may be truly laid off by the help 
af a good ſector; making the whole length of the 
proportional compaſſes, a tranſverſe diſtance to 10 

and 10, on the line of lines. 

Tas complements, to unity, of the numbers in 


the table, will give the diſtances of the diviſions from 


the other point of the inſtrument. 


Ir the mark in the ſlider, is at ſome diſtance from 


the center, as it commonly is, -then this diſtance, 


which is always known, muſt be added to, or ſub- 


tracted from, the foregoing numbers, according to 
that ſide of the center the mark is on; and the ſums, 
or remainders, will give the diſtances of the diviſions 
from one of the points. | 
ABouT Michaelmas, 1746, was finiſhed a pair of 


proportional compaſſes, with the addition of a very 


curious and uſeful contrivance; (ſee the plate front- 
ing the title page) viz. into one of the legs (A) at a 
ſmall diſtance from the end of the groove, was ſcrew- 
ed a little pillar (a) of about + of an inch high, and 

On 8 perpen- 


: 
R 
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perpendicular to the ſaid leg; through this pillar, and 
parallel to the leg, went a ſcrew pin (45); to one 
end of this ſcrew, was ſoldered a ſmall beam (cc) 
nearly of the length of the groove in the compaſſes; 
the beam was flit down the middle. lengthwiſe, 
which received a nut (f) that flid along the ſlit (ad); 


this nut could be fcrewed to the beam, faſt enough 


to prevent ſliding ; one end (e) of the ſcrew of the 
nut (J) falls into a hole in the bottom of the ſcrew 
to the great nut (g) of the compaſſes; the ſcrew pin 
(45) paſſed through an adjuſter (+). | 

To uſe this inſtrument :- 


Shut the legs cloſe, ſlacken the ſcrews of the nuts 


g and 7; move the nuts and flider & to the diviſion 
wanted, as near as can be readily done by the hand, 
and ſcrew faſt the nut F: Then by turning the ad- 
juſter Y, the mark on the ſlider , may be brought 
exactly to the diviſion: ſcrew faſt the nut g; open 
the compaſſes; gently lift the end e, of the ſcrew of 


the nut , out of the hole in the bottom of the nut 


g; move the beam round its pillar a, and ſlip the 
point e, into the hole in the pin , Which is fixed to 
the under leg; flacken the ſcrew of the nut F; take 


the given line between the longer points of the 


compaſſes, and ſcrew faſt the nut f: Then may 
the ſhorter points of the compaſſes be uſed without 
any danger of the legs changing their poſition ; this 
being one of the inconveniencies that attended the 
Proportional compaſſes before this ingenious con- 
trivance ; which was made by the late Mr. Thomas 
Heath, Mathematical Inſtrument-maker in the 
Strand, London. 

Tus proportional e had not been long in- 


vented before there were ſeveral learned and ingeni- 
ous perſons who contrived a variety of ſcales to be 
put thereon; but theſe are here omitted, becauſe the 


credit 5 the proportional compaſſes 1 18 greatly fallen, 


9 


ſince 
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fince the invention of the ſector, the latter being a 
much more uſeful inſtrument than the former, and 
not ſo ſubject to be put out of order; for if one of 
the points of theſe compaſſes ſhould be blunted or 


broke, the inſtrument cannot be uſed, until the 


damaged point be replaced by a new one. How- 
ever, thoſe who are deſirous of knowing the con- 
ſtruction and uſe of ſuch ſcales on the proportional 
compaſſes, may be amply ſatisfied in conſulting 


Hulſius, Horſcher, Galgemaire, Bion, and others 


mentioned in the preface to this book, - 


„L „„ 


N * * 
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| CONTAINING 


The Dascn ron and ons of the 


GUNNERS CALLIPERS. 


Paik of Callipers is an inſtrument uſed to take 
the diameters of convex and concave bodies. 
Taz inſtrument called the Gunners Callipers, con- 
ſiſts of two thin rulers or plates, which are moveable 
quite round a Jones by the plates folding one over the 
other. 


Tk length of each ruler or plate iS afugtly be⸗ 


tween the limits of fix inches and a foot, reckoned 
from the center of the joint; and from one to two 
inches broad: But the moſt convenient uſeful ſize is 
about nine inches long. The figure is beſt ſeen in 
the plate. IX. 
O theſe rulers are a variety of ſcales, tables, pro- 
portions, &c. ſuch as are eſteemed uſeful ro be known 
by gunners and other perſons employed about artil- 
lery : But except the taking of the calibre of ſhot and 
cannon, and the meaſuring of the magnitude of /aliant 
and eniring angles, there are none of the articles with 
which the callipers are uſually filled, eſſential to this 
inſtrument ; the ſcales are, or may be, put on the 
ſector; and the tables, precepts, &c. may be put 
into a pocket · book, where they will not need ſo much 
contraction: However, for the ſake of thoſe who are 


6 |  - -. gefirous 


ta 


of 
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defirons of having a ſingle inſtrument perform many 
things, the following articles and their diſpoſition on 
the callipers are here offered: Some of which were 
propoſed many years ago by the late Mr. Charles 
Labelye, engineer to the works of Weſtminſter- bridge. 


Articles to be put on the Gunners Callipers, 

I. Taz meaſures of convex diameters in inches. 

II. Ta meaſures of concave diameters in inches. 

III. Tur weights of iron ſhot from * dia- 
meters. 8 
IV. Tu weight of iron ſhot proper to given gun 
bores. 

V. Tux degrees of a ſemicieele. 


VI. Tae proportion of Troy and A 
weight. 


VII. Tre proportion — Engliſh and French fect 
and pounds, 

VIII. Factors uſeful in circular and ſpherical 
figures. 


IX. TaBLEs of the ſpecific gravity and weights of. | 


bodies. 


X. TanLEs of the quantity of powder neceſſary. 
for proof and ſervice of braſs and iron guns: 


XI. Rur Es for computing the number of ſhot or 
ſhells in a finiſhed pile. 

XII. RuLEs concerning the fall of heavy vat 

XIII. Rurxs for the raiſing of water. 


XIV. Tur rules for ſhooting with cannon or mor- 
tars. 


XV. Alix of inches, 


"Ex LoGaRiTHMIC ſcales of numbers, ſines, 
verſed fines and tangents. 


XVII. A $ECTORAL line of equal parts or the line 
of lines. 


XVIII. A $ecroraL line of plans or ſuperficies,. g 
XIX. A $SECTORAL line of ſolids. 


L 3 Taz 
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Tux Callipers propoſed for the reception of the 
foregoing articles is nine inches long, and each leg 
two inches broad at the head, and at the points; 
part of the breadth between the ends is hollowed 
away in a curve, in order to contain the curvature 
of the ball, whoſe diameter is taken between the 
points; one of ten inches diameter is the largeſt 
that can conveniently be taken with a nine inch Cal- 
liper; thoſe of. fix inches cannot well be applied to 
a hot of more than ſeven inches diameter. 
Fon the eaſe of reference; it will be convenient 
to diſtinguiſn the four faces of the Callipers by the 
letters 4, B, c, D: Each of the faces a and p conſiſt 
of a circular head and a leg; the other faces 83 and 
conſiſt each of a leg only. 


ARTICLE 4 


Of the meaſures of convex diameters, 

On part of the circular head joining to the leg of 
the face a, are diviſions diſtinguiſhed by the title of 
Hot diameters : Theſe are to ſhew the diſtance in 
inches, and tenth parts of an inch, of the points of 
the Callipers when they are opened. 


| 1 THE USE. | 

OPen the points of the Callipers ſo, that they may 
take in the greateſt diameter of the ball : then will 
the bevil edge marked ꝝ ſhew among the foreſaid di- 
viſions, the diameter of that ball in inches and tenth | 
parts, not exceeding ten inches. SED 

Tbeſe diviſions may be thus laid down by the ſeftor. 

Or the ſector until the radius of the the circle, 

whereon is marked the ſcale of diviſions on the head 
cf the Callipers, taken with the compaſſes, falls 
tranſverſely in the ſcales of lines, on the diviſions 
ſhewing the diftance between the center of the Calli- 
pers and its points: Then the tranſverſe diſtances -o 


8 


4 
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the ſeveral diviſions on the ſcales of lines, being 
applied like chords to the circle of diviſions on the 
head of the Callipers will give the diviſions required. 
Tuus in the nine inch Callipers, the radius of the 
head, or circle of diviſions, being one inch, and the 


breadth at the points two inches; the diſtance between 


the center and points will be (V 82 =) 9,055385 : 

Then one inch being made a tranſverſe diſtance on the 
ſcales of lines ro 9 +5; the tranſverſe diſtances of 
10, 9, 8, 7, 6, &c. being applied to the circle on 
the head of the Callipers appropriated for the ſcale, 

from the mark where the diviſions commence, will 
give the ſeveral points, which being cut by the bevil 
edge E will ſhew how far the points of the Callipers 


are > diſtant. 


THE workmen generally lay theſe diviſions down 
by trial. 
ARTICLE 16 


Of the weights of iron ſhot. 

On the circular bevil part x of the face s, is a ſcale 
of diviſions denominated. by tb weight of iron ſhot. 
Theſe are to ſhew the weights of iron ſhot when the 
diameter 1s taken between the points of the Calli- 
pers : For then the number cut by the inner edge of 
the leg a, ſhews the weight of that iron ſhot in 


_ pounds averdupoiſe, when the weight | is among the 


following ones, viz. 


. . 3. 46 6. 8. 9: 18. 16 18. 24. 26. 
32. 30 „% > 5; 

OssERvINOG that the figures neareſt the bevil edge 
anſwer to the ſhort lines; and thoſe figures behind 
them anſwer to the diviſions marked with the longer 
ſtrokes or lines. 

Tnksz diviſions are to be laid down from a table 
ſhewing the diameters of iron ſhots to given weights. 


Such a table is computed by knowing the weight of 


one ſhot of a given diameter: Thus an iron ſhort of 
L 4 35 four 
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four inches diameter is found to weigh nine pounds : 
Then the weights of ſpheres being to one another as 
the cubes of their diameters, Say, AS9 th is to 64, 
the cube of 4. 

So is any other weight, to the cube of its diameter 

THEN the cube root being taken will give the dia- 
meter. 

Now ſetting the points of the Calipers” to touch 
one another, make a mark on the bevil edge x op- 
polite to the inner edge of the leg A; and this mark 
will be the beginning of this ſcale of, weights : The 
other diviſions will be obtained by opeBtng ; the points 
of the Callipers to the diſtances teſpecting the weights 
to be introduced, as ſhewn by the table, and markin 
the diviſion oppoſire to the inner edge of the leg a, 


ARTICLE III. 


Of the meaſures of concave diameters. 


On the lower part of the circular head of the face 
A, and to the right hand of the diviſions for the dia- 
meters of ſhot, 1s another ſcale of diviſions, againſt 
phich ſtands the words Bores of Guns. 


THE USE, 


To find the calibre, or the diameter of. the bore of « a 


Cannon. 


sui the legs of the Callipers. acroſs each other, 
until the ſteel points touch the concave ſurface of the 
gun in its greateſt breadth ; then will the bevil edge 
, of the face z, cut a diviſion in the ſcale ſhewing 
the diameter of that. bore. in inches and tenth parts. 
In the nine inch Callipers theſe. diviſions may be 
extended to 18 inches diameter, but 14 inches 1 is ſuf- 
ficient for -both cannon and mortars : And in the 
ſix inch Callipers a diameter greater than 10 Inches 
Cannot be conveniently introduced. 
. beſe 
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Theſe diviſions may be thus laid down by the ſector. 


StT one inch the radius of the circle on which the 


diviſions are to be put, as a tranſverſe diſtance to the 
diviſion 9:5 on the ſcale of lines on the ſector : Set 
the points of the Callipers together, and make a mark 
on the circular head where it is then cut by the bevil 
ege r: Then the ſeveral tranſverſe diſtances taken 
from the ſector, and applied on the circumference of 
the circular head of the Callipers, from the ſaid mark, 
the ſeveral divifions ſhewing the di tance of the points 
of the Calliper are thereby obtained. 

WorKkMEN find theſe diviſions by actually ſetting 


the points to the diſtance. 


ARTICLE IV. 


Of the weights of ſhots to given gun boxes, 


Wir the ſcales of ſhot and bore diameters on 
the circular part of the face a are diviſions marked 
Pounders. 

THE USE. 

Wu the bore of a gun is taken between the 
points of the Callipers, the bevil edge r will cut one 
of theſe diviſions, or be very near one of them : 
Then the number ſtanding againſt it will ſhew the 
weight of iron ſhot proper for that gun; not ex- 
ceeding 42 pounds. wy 

Tus | inner figures 2, 12, 3, 55» 8. 12. 18. 26. 36. 
belong to the longeſt ſtrokes or lines; and the figures 
1. 2. 4. 6. 9. 16, 24. 32-42 belong to the ſhort 
frokes. 

Tur diameters given by theſe pounders are larger 
than thoſe given for the ſame weights of ſhot ; be- 
cauſe there is an allowance made, called Windage, that 
the mot may roll caſily along the chace. 
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ARTICLE . 


Of the degrees in the ſemicircular head. 


Tursx degrees are placed on the upper half of the 
circular head of the face a, where are three concen- 
tric ſcales of degrees: The outward ſcale has 180 de- 


grees numbered from the right to left, with 10. 20. 


30. 40. &c. to 180: The middle ſcale is numbered 
in the ſame manner, but the contrary way: And 
the inmoſt ſcale begins in the middle with o, and is 
numbered from thence both ways with 10. 20. 30. 
& c. to go degrees. | 


THE USE. 
Firſt to meaſure an entring, or internal, angle. 


 AyPLy the legs of the Callipers ſo that its outſide 
edges coincide with the legs of the given angle; then 
will the bevil edge r cut the degrees ſhewing the 
| meaſure of that angle in the outlide ſcale. 


6 7 o meaſure a ſaliant, or external, angle. 


SLIP the legs of the Callipers acroſs each other, ſo 
as their outſide edges may coincide with the legs of 
the given angle; then will the bevil edge E cut the 
degrees ſnhewing the meaſure of that angle: Theſe 
degrees are to be counted on the middle ſcale. 

Hence an angle of any number of degrees may be 
readily laid down by the Callipers, either on paper, 
or in the field. 

Thus, OpEx the Callipers, the legs being croſſed, 
until the edge E cuts the degrees on the middle ſcale; 
the croſſing edges of the inſtrument will then form 
the ſides of that required angle: The Callipers then 


laid flat on the paper or ground, lines n by the 


ſtrait ſides will expreſs that angle. 


Thirdly. 


4. 
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Thirdly. To find the elevation of cannon and mortars, or 
of any other oblique plane or line. 


Pass one end of a fine thread into the notch on the 
plate », and to the other end tie a bullet, or other 
weight: Apply the ſtrait ſide of the plate a to the 
ſide of the body whoſe inclination is wanted; hold the 
plate A in this poſition, and move the plate B until 
the thread falls upon the line near the center marked 
Perp. Then will the bevil edge r cut the degrees, 
counted on the inner ſcale, ſhewing the inclination 
which that body makes with the horizon, : 
Note. When the edge x cuts o on the inner ſcale 
and the ſtring cuts the Perp. mark, then the ſtrait ſide 
of the leg a is horizontal : If the head of the Callipers 
is elevated above the other end, then the edge r muſt 
fide downwards towards the ſtrait ſide of the leg A: 
Bur if the head of the Callipers 1s held lower than the 
other end, then muſt the edge r ſhde the contrary 
way. 5 

As the outſide of a cannon or mortar is not pa- 
rallel to its bore; therefore a ſtrait ſtick muſt be ap- 
plied to the bottom or top of the bore, and projecting 
beyond it; and the fide of the Callipers be laid on 
that ſtick. | | 


ARTICLE VI. 


Of the proportion of T. rey and Averdupoiſe Weights, 


O the face c near the point of the Callipers is a 
little table ſhewing the number of pounds that are 
contained'in an equal weight expreſſed in pounds 
Troy; and the contrary. | : 

Trxse numbers are taken from very accurate ex- 
periments made in the year 1744 by the late Martin 
Folkes, Eſq; Preſident of the Royal Society, aſſiſted 
by ſeveral other gentlemen of that learned Body. 


Try 
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TRE TasLE. 


b Troy b Averd. | oz, Troy oz. Averd. 


576, ooo _ 82 290 
1, O00OO0O = 0, 82274  1,00000= 1, 9707 
1,2 1543 = 1,00000 o, 91152 == 1,00000 
"THE VSE. 


ExaueLs . What weight in pounds Troy is equal to a 
. braſs gun weighing 18 Cwt. 


Now 18 C wrt. is equal to 2016 tb (=18x112). 

THren 1: 1,21545 : 2016 : 2450 t Troy. 

Ox, o, 82274: 1 : 2016 : 2450 b Troy. 
On. 6: 700... : 3 2010 Troy. 
ErrHER of theſe methogs may be uſed as the ope- 
rator PRs, : 


Ex AurzE II. What is the worth of a ton of gold; fup- 
poſing 1 i Troy makes 442 guineas. 
Now 1 Ton=2240 1b Averd. (==20x112), 
AND 1: 1,21545 : : 2240 : 2722,6 tb Troy. 
AlLsO 445 Guineas, makes 46,725 L. ſterling. 
1 2722, 6: : 46,726 1272134485 ,. 
OR, 1272130, 98. 8d. 1. 
Bur if Troy pounds were given to be converted into 
Averdupoiſe pounds, then the numbers in the Troy 
column muſt be the firſt terms of the proportions. 


ExaupLE III. If a braſs gun weighs 2450 th Trey; 
What is its weight in Averdupoiſe ? 


Trex 1 : 0,82274 : : 2450: 2013, 75 Ave. 
On, 1,21545 : 1,00000 : : 2450: 2014,7 

OR, 7007 "5m: + 4180 $010. 
_ "ArLTHovcn the Averdupoiſe pound is heavier than 

the Troy pound, yet the Troy ounce is heavier than 


the Averdupoiſe ounce, nearly in the proportion of go 
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Examer.e IV. In a cheſt of filver containing 4380 
pieces of eight, each piece weighing 5 + of an ounce 2. roy: 
How many ounces TR 4 


Tarn 82  : 90 : 4380x4 : 3843,88 
Or, 3 3 1,09707 : 4380: 3844,13 
1 : 4380x4 : 3844,13 


Cros to the former idle is another, ſhewing the 
number of cubic inches in a gallon, both in wine and 
beer meaſures; and conſequently their proportions ; 
One ule is ſhewn by the following Example, 


How long will 33 butts of beer ſerve a crew of 324 men, 
allowing to each man 3 wine quarts a day ? 


Now 33 butts contain $564 beer gall. (=108x33) 
And: 221 282: 2504.: 4350 wine gallons, 
AnD 4330 gallons makes 17403 quarts, 
Tux 17403 divided by 324 gives very near 54. 
ConSEQUENTLY + of 54, or 18 days, is the time 
that the beer will ſerve, 
Ir wine gallons were to be converted into beer 
gallons, 
Sar 282 : 231 : : wine gallons: beer gallons. 


Os 94 : 77 W. 8 B. 6. 


ARTICLE VII. 


of Of the proportion of the Engli iſh and French feet and 
Pounds. 


Na the point of the face p of the Callipers are 
two tables ſhewing the proportion between the pound 
weights of London and Paris, and alſo between the 
lengths of the foot meaſure of England and France. 
Theſe are according to the accurate ſtandards ſettled 
between the Royal Societies of London and Paris about 
the year 1743. 


THE 
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Tur TaBLEs. 


Eng. th. F. P. | Eng. F. Fr. F. 
14.08 .= 1500 114 = 107 

| 3,00 = 0,926. I,000 = 0, 9386 
408 100 1, 664 = 1, 0000 
THE USE, 


ExaupLB I. Suppoſe a crew of 54 En 52 ſailors Were 


fo attack a French fort, and carry off 6 pieces of Braſs 
cannon weighing one with another 980 tb French: 

Ho much would each ohn's ſhare come to, ſuppoſing 

| they could ſell the cannon at 81, a bundred weight 

Engliſh 2 | | 

F. DE BF. 
| Now 100: 108 : : g80x6 : ©3504» 


tf 5 4 4. 
AnD 112 : : 63504 | 453.6 6 ſterling. 
THEN 54: 453,6: 1 : | 8,4. 


So that the ſhare of each will be 8 guineas. 4 


ExanPLE II. How many Engliſh yards are equal to 180 
French toiſes or fathoms ? 


Now 1 : 1,0684: : 180: 191 672 Eng. Fa. 


Tux 180 French Fathoms are equal to * 38 3 
yards 1 foot. 


| ARTICLE VIII. 
Pobbors uſeful in circular and ſpherical figures. 


| Nxax the point of the Callipers on the face 4 is a 


table containing four rules an the circle and rows: 


THE 
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THE TaBLE. 
Diam. x 3,1416 = circumf. 
Sq. Diam.x 0,7954 = area 


Sq. Diam. x 3,1416 = ſurface } 
Cube Diam. x 0,5236 == ſolidity {of a ſphere. 


of a circle, 


THE USE. 


 ExamMPLEl. What is the circumference of a circle whoſe 
| diameter is 12 inches. | 


THEN (3,141 6x12=) 37,0992 is the circumfer. 


EXAMPLE II. What is the area of a circle whoſe dia- 
meter 15S 12 inches? | 


Now the ſquare of 12 is 144. 
Tux (0,7854x144=) 113,0976 is the area 


ExamPLe III. V bat is the ſuperficies x a ſphere whoſe 
: diameter is 12 inches? 


Now the ſquare of 12 1s 144. 
TEN (3,1416x144=) 452. 3904 the ſuperbcie of 
the ſphere. | 


ExaMPLE.IV. Required the folidity of a ſphere whoſe 


diameter is 12 inches. 


Now the cube of 12 is 1728. 

THEN (0,5236% 1728 =) 904, 7808 is the ſolidity. 

Upon the circular heads of Callipers were uſually 
* certain mathematical figures with numbers ſet 
to them; which figures and their numbers may be 
placed near the points of the Callipers here deſcribed, 
the circular head being appropriated tor another uſe. 


* 
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The feeures are theſe. 


Tux numbers i in figure I, are uſeful for "ol 
the circumference of a circle by knowing its. diame- 


ter; or to find the diameter by ne the circum- 


ference. Thus | 
Sar As 7: 22 :: any given than. Its circum. 


Axp As 22: 7: : any given circum: its diam. 
Or As 113 : 355 : : any given diam: its circum. 
Axp AS355-: 113: : any given circum : its diam. 


Fic. 2. There is a circle inſcribed in a ſquare ; a 


ſquare within that circle, and a circle within the inner 
ſquare: To this figure are ſet the numbers 28. 22. 
14. 11. Theſe numbers ſignify, that if the area of che 
outward ſquare is 28, the area of the inſcribed circle 
is 22 ; the area of the ſquare inſcribed in that circle 
is 14, and the area of its inſcribed circle is 11. 


EXAMPLE. What i is the area of a circle wheſe diameter 
55 120 
Now the ſquare of 12 is 144. 
Tarn As 28 : 22 : : 144.: 113,1 the area. 
/in: 137 OMe TITRE : 


IT may be obſcrved, that the ſquares are in propor- 


tion to one another as 2 to 1; and the two circles are 
alſo in the ſame proportion. 
Figure 3. Repreſents a cube inſcribed in a ſphere; 


the number go fixed to it ſhews, that a cube of 
iron, 


thi 
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iron, inſcribed in a ſphere of 12 inches in diameter, 
weighs gor pounds weight. 


Figure 4. Is to expreſs a ſphere inſcribed in a ade; : 


Now this figure with its number 2464 is to ſhew the 


weight in pounds of an iron ſphere of 12 inches dia- 
meter; or of a ſphere inſcribed in a cube whoſe ſide 
is 12 inches. 8 


Figure 5. . a PE and cone, whoſe 


_ diameters and heights are each one foot: To the cy- 


linder is annexed the number 369 ſhewing the 


weight in pounds of an iron cylinder of 12 inches 


diameter and 12 inches in height: And the number 
12.144 joined to the cone ſhews that an iron cone 


the diameter of whoſe baſe is 12 inches, and the height 


12 inches, weighs 121 2 Pounds. 

Figure 6. Shews that an iron cube, whoſe ſide is 
12 inches, weighs 470 pounds; and that a ſquare 
pyramid: of i iron, whoſe baſe is a ſquare foot, and 1 its 
height 12 inches, weighs 1564 pounds. 

'Frnsst numbers which have hitherto been fixed to 
the four laſt figures are not ſtrictly true. 

For by experiment, an iron ſhot: of four inches 
diameter, weighs 9 pounds. 

Anp the weights of ſpheres' being to one another 


as the cubes of thei diameters. 


THEREFORE 64 (=24x4x4): 9 :: rad (nate 
12x12) : 243 pounds, for the weight of a ſphere of 


iron which is 12 inches in diameter: Conſequently 


the number 243 ſhould be uſed inſtead of 40 in 


the 4th figure. 


AGcain the ſolidity of a eube inſcrieds in a ſphere 


of 12 inches in e is 33235 5 cubic inches *. 


Tee lt - $Þ13 | | + AnD 


" Wh YT - ou _— : 1 . 7 11 2 N 3 
4 . 111 2 8 8 © Van 


*: See-Robertſon's eee * 71 55 Ea. 1767: 

Or the ſolidity may be thus fund. 
The diameter of the ſphere is equal to the diagonal of 
the inſcribed cube, or to the hypothepuſe, of a right angled 
M ; triangle, 
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Axp the weights of bodies of a like matter being 
in em proportion of their 1 4055 

"THEREFORE, | As "Y047808": 431 332455 7 
89,315 pounds. 

Coxs EVEN TL V the number 90; uſed at figure 2, 
ſhould be 894. 

HERE 904,7 808 is the ſolidiry of a ſphere of 12 
Inches diameter; | 

Ar figure 5, the weight 1 the iron cylinder 
mould be 364, 5 inſtead of 369 4? Wes and the weight of 
the cone ſhould be 121, 

Fox the ſolidity of a cylinder 5 12 inches diame- 
ter, and 12 inches high, is 13571712 cubic inches. 


THEN 904,7808 : 243 : ww. dla 36455 


pounds. . 

Axp cylinders and cones veviny equal baſes and 
heights, are in proportion ar e Iv 2 36.7 

THEREFORE the + of 364, 5, or 121,5 Pounds 18 
the weight of the cone. 

Tur numbers at figure 6 annexed to the cube 
ſhould be 464 pounds. 

Ax that fixed to the pyramid would be 1545 
pounds. 

For the cube inches in a foot cube are 1700 

Tux 904, 7808: 243 1728: 464. 

Ax a 1 is 4 of a cube, the baſes and height 
being equal, 

3 the 4 45 464 18 1545 pounds for the 
weight of the pyramid. 

ALTHOUGH it is uſually reckoned that a fo inch 


iron mot TE nine pon; ; and from thence it is 
| 's deduced 


triangle, one leg being the ſide of the cube, ad the other leg 
the diag. of one face of the cube. 
Let x = fide of the cube; then the diag, 'of one face 1s 


Var, and the diag, of the cube 12 =(xy/ 3=)x x 


: 75732. And the ſolidity of the cube * = = — 332,55 


a i _ Ac Wa —_— 


8 
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deduced that the cubic foot weighs 464 pounds; yet 
by the table of ſpecific gravity, on the callipers, which 
is framed from the moſt accurate experiments, a cu- 
bic foot of caſt iron weighs almoſt 446 pounds; 
which is 18 pound leſs chan the weight derived from 
the 4 inch ſhot, and 24 pound leſs than that hereto- 


fore graved on the callipers; therefore all the weights 


found from the ſaid 4 inch ſhot, ſhould be diminiſhed 
in the.proportion of 464. to 446, 
Fox the numbers at figures 3, 4, 54 6. 


As 464 : 446 : : 295375 65 85,85. 
As 464 : 446: 243 923325. 
As 4% ' 446 : 2 36445 350,3. 


+6 54. lb. is the weight of an iron cube ths 


in a ſphere of 12 inches in diameter. 

AnD 233+ lb. is the weight of an iron a0 of 12 
inches diameter. 

Arso 350% Ib. is the weight of an iron Glinde 
of a foot in diameter and height. 

Ax 116+ lb. is the weight of ah iron cone of a 
foot in diameter and height. 

AGAIN 446 Ib. is the weight of a cubic foot of iron. 

AnD 1484 lb. is the weight of an iron pyramid, 
having its baſe a r foot, ang Its height equal to 
12 inches. | 


— 


IARTICL E IX. 
07 the ſpecific gravities and weights of bodies. 
Ox the leg B of the callipers i is a table ſhewing the 


weights of a eule inch or foot of various bodies in 
pounds averdupoiſe. To the table here annexed is 


joined the ſpecific gravities of thoſe bodies, which are 
omitted on the ee for want of room; | _ 
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A Tai ſpewing the weights of bodies and their ſpe- 


cific gravities. 
— "Weights. | Spe.Gravity. 

Fine Gold. Inch | 6,710 19,040 

Standard Gold. Inch „ —— 

{| Quickſilver. e 0, 497657 13,762 
. oot | 707,0458 

Lead Inch Sen 3 

Fine Silver. Inch | 0,401150 11,091 
Standard Silver. _ 3 3864 10, 629 

| oot ,0028 | 

Copp erf Inch — 317166 f 8,769 | 

Braſs. ©, 506,2746. 8,104. 

Steel. F. 490, 6241 7,850 
| Bar Iron. F. | 485,2500 75764 

Block Tin. F. 452,3731 7,238 
4 Caſt Iron. F. 445,363 75138 

White Marble. F. 168, 8757 70 
Glaſs. F. r62,4994. | 2,600 

„ 161,3745 2,582 

Stone Ural F. 160, 6245 2,570 7 

| Free. . 158,2485 2,352 4 

Brick. 2 2,000 

Brimſtone. 2 112, 5000 1, 800 

Clay F. | 112,0000 1,702 ; 

River Sand. . 110, oooo 1,760 { 

Sea Water. F. 0403738; 1, 630 | 

| ie F. 62, 5000 

Rain J Cubic Inch 0, 036169 | 4 

Water } Cylindric F. 49,080000 cron 7 
| Cylindric Inch o, 28403 5 
Port Wine. F. 61,8000 0,988 

Brandy. „ 58,0000 , 928 a 

I Olive Oil. F. o, 913 
ö Dry Oak. F. 57,1875 . 

Lime. on 52,0000 0,832 | 
| Elm and Aſh. F. 50,0020 0, 800 4 
{ Wheat, F. 50,0000 _ _ 0,800 
| Yellow Fir. F. | 41,0625 0,657 l 

White Deal. FL. -- 0,509 : 
| Gun F F. 69,120 % 6 1 
N . In. | 0,0400. F RTP ( 

* Is £ 
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Ix the foregoing table is contained ſuch bodies as 
practical engineers, and others, may have occaſion to 
know their reſpective weights; there are indeed a 
great number of other bodies whoſe ſpecific gravity 
have been determined by ingenious men : Bur thoſe 
only which were apprehended to be the moſt uſeful 
were ſelected for this ſubject. 

Every one will readily conceive how the column 
of weights may be obtained, namely by procuring 
maſſes of a cubic inch or foot of the ſolids, and care- 
fully weighing them in nice ſcales to the ſmalleſt de- 
gree of averdupoiſe weight: And for the fluids, their 
weights may be determined by having cubicaLor cy- 
lindrical veſſels made to hold a known quantity of 
cubical inches, and in them to weigh the fluids. 

TRE ſpecific gravity of a body being the relation 
which that body has to ſome other body fixed upon 
as a ſtandard to compare by ; and rain water being 


found to be alike, or very nearly ſo, in all places 


and therefore choſen by philoſophers as the proper 
ſtandard ; conſequently by the word ſpecific gravity 
of a body is meant no more, than that it is ſo many 
times heavier or lighter than water, when compared 
together in equal bulks. | 
Tevs fine filver is ſomething more than 11 ; that 


is, a maſs of fine ſilver will weigh ſomething above 
eleven times the weight of an equal maſs of water : 


And, ſo a common brick weighs twice as much as 

the rain water that would fill a mould fitted to the 

brick. DL gn NE Ns, | 
Now the weights of equal maſles of ſeveral bodies 


being determined, their ſpecific gravities may be rea- 


dily found, they being in the ſame proportion to one 
another as their weights: And as the compariſon 
is made to rain water, of which, by repeated experi- 
ments, it has been found that a cubic foot weighed 
62 pounds averdupoiſe; therefore dividing the weight 
of a cubir foot of any body, by 625 Ibe quotient will . 
- 200085 M3 the 
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the ſpecific gravity of that body, relative to rain water 
whoſe ſpecific gravity is repreſented by unity. 
Tak difficulty of procuring maſſos of metals had 
other bodies in all parts homogenous, and of having 
both them and the veſſels of capacity conſtructed to 
- matlem̃atical exactneſs, has rendered this method 
of eſtimating the ſpecific gravities from the weights 
of equal bulks, liable to exception: And therefore 
another method has been contrived ro 'corne:apaheſe 
ſpecific gravities, hydroſtatically. | 1 20 

Ir is a well known thing that any: "468 WII weigh 
leſs when it is immerſed in water than when it is 
weighed in the open air; and from a very little re- 
fection, it will be ſeen chat che differende between the 
weights of any body when weighed in air and dn wa- 
ter, will be equal to the weight of ſo much water as 
is equal in bulł to the body iinmerſed: But the diffe- 
rence between the weights of a body in air and in 
water, will ſnewy the weight of a bulk of water equal 
to the body ſo weighett': Therefore to find -the Jpecific - 
gravity of any bech, Nod its weight in air and in rain 
water, and tate the — F thoſe cweigbis; then 
the. weight in air divided by':hat-difference, will give 
the ſpecific gravity \required;"\ 1 im nol e 

H the fold whoſe-ipecific! gravity ds wanted, be 
lighter. than water; ſo that it cannur fink by: ivs/own 
weight, let it be joined to another ſo weighty that the 
compound may ſinꝰ: But firſt let the to atight 
which the heavy body alone ſuſtains in water be found 
as before; and then let the loſs of weight which the 
compound body ſuſtains be diſcovered; from which 
take the loſs of weight of the heavier, and the remain- 
der is the loſs of weight ſuſtained by the lighter ; by 
which dividing the weight in air of the lighter body, 
and the quotient will ſnew the ſpeciſic gravity. 

WEN the ſpecific gravity of fluids are to be com- 
pared to each other; take a ſolid of any matter and 
ſhape, — a glaſs ball, hung by a horſe hair, and 

immerſe 
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W this ſolid in each fluid, and find the loſs of 
weight of the ſolid in each fluid, the weight of the 
body in air being firſt known ; then will theſe loſſes 
expreſs the ſpecific gravities of thoſe fluids : For ſince 
the loſs of weight in each liquor is equal to the weight 
of as much of the liquor as is equal in bulk; to the 
body weighed ;. therefore by taking the loſſes of 
weight ſultained by the ſame body in the ſeveral 
liquors, the abſolute weights are obtained of ſuch por- 
tions as are equab in bulk, and conſequently: the ſpe- 
| cific gravities of thoſe liquors. 

Ix this method of finding the ſpecific gravity of ſo. 
lids, it is not-neceffary that they ſhould be reduced to 
any regular ſhape; neither is there wanted a veſſel of 
a known figure and capacity to contain the fluids; and 
conſequently the ſpecific gravities of bodies, whether 
ſolids or fluids, may be very eaſily come at; But from 
the ſpecific gravities to find the abſolute weights of 
any aſſigned maſs of ſeveral. bodies, there muſt be 
another « experiment made, which is to find the loſs of 
weight in: water, of a body of a known magnitude; 
ſuppoſe of a cylinder of a homogenous metal, the ſo- 
lidity of that cylinder being moſt accurately calcu- 
lated; then will the abſolute weight of an equal maſs 
of water be known; and conſequently the weight of a 
cubic foot of water may be accurately obtained, from 
whence the abſolute weight of a cubic foot of any other 
body whoſe ſpecific gravity is known, may be found by 
multiplying the ſpegific gravity of that ech 7 the nen | 
of a a cubic _ 7 eee 


| SOME USES OF THE TABLE. 
Tux weights of bodies anſwering to a Sven aal. 
dity are of a twofold uſe. 
 Figsr, To find the weight of a body of a given dimen: 
ions, or ſolraity. 


M 4 > 
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 SxconDLY, To an the e of a _ 2 omg | 
its weigbt. 0 


| Exan. I. What 7s the weight ofa a block of marble 
7 feet long, 3 feet broad, and 2 feet thick 
"Now 9x3x2==42 feet for the ſolidity. 
A cue foot of marble weighs 168,87 57 pounds. 
| Tri 168,87 57x42 goes 70927794 e 
n 2100 rs. Ib. - 
fn: 63 1 84 is the weight of that marble. 


- Exan. II. What: is, the weight: if 4 1 3 1b iron 
Bomb ſbell, tht metal being two inches thick, on a mean? 
HR the ſolidity of two ſpheres: muſt be found, 
one of 13 inches diameter, and the other of inches 
diameter; then their differgnoe being wen will give 
the folidity of the ſhell. . 

Now the cube of 15 18 2197. 

Ap the cube of 9 is 729. 

Also 219%, 52 36 gives 11 30,3492 . 
AvD 720%, 52 36 gives 381, 044 ſolidity. 
Tukeik difference is 568, 6448 cubic inches. 
Ap 568, 6448 divided by 1788 gives0,4448 parts 

of a cubic foot. 

Now a cubic foot of caſt iron d 445.0 263 
Pounds. 


Tur $45.9367r0,4448 gives 198,36 3 pounds 
for the weight of ahe elk 


n III. How: 20 yg _ of 12 2 Inches, Sg 


6 wide aud 4 vat, _ be Caſt out Ld 10 tous of melled 
lead? 


Now 10 done 10 Tnbi-b s Cen 
AND II 2x 200 222400 pounds in 10 ton. 
By the table, 707, 498 pound makes a cubic foor 
of lead. | | 
AnD 22400 divided by ,05,0258, gives 31,681 
cubic feet, which the 10 ton will make. 
7 Now 
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Now the ſolidity of each pig is 3 of a foot. 
THEREFORE 31,081. feet ſolid will make 190 pigs. 


From ſeveral experiments it appears that middling 


ſized men, or thoſe between 5 feet 6 inches and 5 feet 
9 inches in height, weigh about 150 pounds, and are 

in bulk equal to about 24 ſolid feet; and the ſmall 
ſized men, or thoſe between 3 feet 3 inches, and 5 
feet 6 inches in height, weigh about 135 pounds, and 
are in bulk equal to about 2+ ſolid feet: And from 
_ thoſe experiments it alſo appears, that moſt men are 
ſpecifically lighter than common water, and much 
more fo than ſea water. Conſequently could perſons 
who fall into water, have-preſence of mind enough to 
avoid the fright uſual on ſuch occaſions, many might 


be preſerved from drowning . And a very ſmall piece 


of wood, ſuch as an oar, would buoy a: man above 
water while he had ſpirits to keep his hold. | 
A GENTLEMAN who had been on board of a Mal- 
teſe ſnnip of war, obſerved hanging to the tafarel, a 
block of wood almoſt like a buoy, and fo ballanced 
that one end ſwam upright, carrying a little flagſtaff 
with.a ſmall vane; the perſon. who was on duty on 
the poop, had orders to cut the rope by which the buoy 
hung, upon any cry of a perſon's falling overboard ; 
and as the block would be in the ſhip's wake by the 
time the perſon floated therein, he was ſure of having 
ſomething at hand to ſuſtain him, till the boat could 
come to his aſſiſtance ; and ſhould that take ſo long 


time to do, as that the diftance from the ſhip to the 


man rendered him inviſible, yet the boat would have 
a mark to row towards, ſhewn them by the vane. 


Exam. IV. How many ſoars of white fir, each of 20 
feet long and a foot ſquare, are to be laſhed together, till 


the raft is ſuffictent to float, in common water, 1000 


barrels of gunpowder conducted by four middling ſized 
men, ſo as to keep the barrels three inches clear of the 
water ? 7 

| | A BARREL 


; 
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A BARREL of gunpowder, barrel . * weighs 
about. 120 lb. | 

So 100 barrels will weigh 12000 lb. 

AND 4 men, at 150 lb each, weigh 600 Ib. 

So that the raft muſt ſuſtain a weight of :260d Ib. 

Nov the deal will of itſelf fink im the water, until 
lthe weight of the water NN ARE iS n to my weight 
of the wood. dea 

Ix each ſpar there is 20 feet of timber. | 

| Acusic foot of white deal weighs 35, 5624 pounds. 

So 33,5624 a1 1,248 Ib. the weight 19 0 one 
9 ar. 

. is alſo equal to the © weight of the water 
diſplaced. 

A cvsic foot on common water weighs hai 5 Ib. 

THEN 62,5 : 1: : 711,248 : 11,38 the number 
.of cubic feet hich each ſpar will have immerſed by 
its own weight. 

As the barrels are to be 3 1 clear of the water, 
therefore the ſpar muſt be ſunk inches; and conſe- 
quently 15 feet ſolid of each ſpar muſt be immerſed: 

___ THEN-I5—11,38=2,62 the additional cubic feet 
of water to be diſplaced by each ſpar, by its incum- 
bent wei 

And t: 3,62 : 62,5: 226, 2 an the weight which 
:each ſpar is to ſuſtan. | 

TREN 226,25 : 12600: : 1: 55,6, &c. 

 ConsequenTLY 56 ſuch Dake ]ahed together will 
make a float ſufficient for to ſuſtain the given. gs 
in the manner n 


15 ARTICLE X. 


O the quantity of powder uſed in firing of cannon. 
On the circular head of the callipers, on the face 
p is à table contained between five concentric ſeg- 
ments of circular rings; the inner one markt Guns, 
ſnews the nature of the gun, or the weight of ball it 
carries: 
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carries: The two next rings contain the quantity of 
powder uſed for proof and ſervice to braſs guns; and 
the two outermoſt rings ſhew the quantity for Proof 
and ſervice, uſed in iron cannn. 

Tg numbers in this table expreſs the E wb 

_ uſage, Which for the moſt part, allows the weight 
of che ſhot for proof, half its weight in ſerviee, and 
one fourth of its weight of ſhor for ſalutes. 

Tur French allowance of powder, for the charge 
'of;ithe piece for ſervice, uſed to be two thirds of the 
weight. of the ſliot; twice as much for proof, and 

one fourth of the weight of ſhot for ſalutes. 


Pa N 4 1 4 1 * ax | U ** * 2 ; 
DIR $6 1 {fr i 
* 7 wy + w * — - 


Taz Taps, 


| OR, f 14 22 SY 
Nature "= 3 1 bf WW | 
| of guns Fl. Froof Service, Proof Service Salutes Scaling 
| — ee e e 8 Core zoo 2 IE PTE e 5 
| Poundertib, 0z. lb. oz. Ib. oz. Ib. oz. lb. oz. Ib. oz. N 
55 Day 231 M44 © 38 Ifir [> 36 n 
4. 1.0.8 1.1.0 | 0.8 [0.8 % 14 
124 2 BI its ea Sit >] 5 fd » + 1 i 
ke |1.5 10.1%} 1.8 ht o.12\ 0-120 5 
| 2 [2.0 1. 0 2.0 | 1.0 1.0 [O0 3 
| 3 2 O 1 0 ' 3 .O 1 g I . O » 4. 
{912 $1 g. O CA faz. [204-4 6 
2. 10] 5. 4 (20 2. 10% 8 
N 8 3 .0 | 6.0 * 3 iv | 3.0 201. 8 
4.0 [ $:0'] 4.0 P 3.120 . 10 
rar ITT Ta TT, 
1 s 7 9.0. | ? 4.8 4.0 O o 12 
6.0 12.0 6. 4.121. 0 
10 15 O 4 9.Q 5.0 1 
12.0 18.0 [11-0 7% © 
\ 135010 19.0 5 12 «Q:. J's I2|2 * 4 
| 16.0 (21.8, 114.0 [94.2 12 
| 8.0 2A. 001550 10.03 .O 
21.0 {25,0:\17.0 [11.4 13 54 | 


172 AP PE ND IX. 


Guns carrying ſhot of the weight 1 1b. 12 1b, 2 lb. 
4 Ib. 3 4 lb. 8 lb. 26 lb. 36 Ib, are now out of 
uſe in the Britiſh navy. n Loon 

Tux uſe of this table is obvious: For ſeek the 
name of the gun in the inner ring, and the weights of 
powder for proof and ſervice will be found between 
the ſame two ſtrait lines, like radii; and in one of 
the other rings, according as it is tituled at the end. 

Thus to a braſs 9 pounder there is allowed 91b. 
of powder for to prove, or try the goodneſs of the 
gun when it is firſt caſt; and 4 1b. 8 oz. of powder 
for each charge in common {ſervice : But an iron 9 
pounder has 9 lb. for proof, and 6 lb. for ſervice. 

WHEN cannon. are proved they are uſually loaded 
with two ſhor. | 

On ſhipboard, after there are five or ſix rounds 
fired on warm ſervice the allowance of powder 1 is to 
be proportionally leſſened each time the gun is loaded, 
until the charge is reduced to one third or a fourth 
of the weight of the ſhot : And the guns as they grow 
warm in fring, are not to be wetted leſt the gun be 
in danger of ſplitting by checking the metal with 
cold water. 

Tux ingenious Mr. Robins, from "I hints he 
eathered from a manuſcript lent. him by the Right 
Honourable Lord Anſon adviſes to leſſen conſiderably 
the common charges allowed to cannon in ſervice : 
For from thoſe papers it appeared that in ſervice, 
where 24 pounders have been uſed to batter in breach, 
the charge was only 8 pounds of powder: Indeed the 
velocity of the ball could not be quite fo great with 
8 pounds of powder as with 12, and conſequently the 
ſhot would not be drove ſo far into the rampart, and 
the breach not made altogether ſo ſoon ; notwith- 
ſtanding which, the advantages attending the ſmaller 
charges, greatly overbalanced the difference of a few 
hours i in making a ſufficient breach. 

In ſea ſer vice it would perhaps be found of greater 
uſe to begin with one third of the weight of ſhot in 

powder, 
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powder, and to diminiſh that to one fourth or one 
fifth as the gun waxed warm; for by ſome experi- 
ments it has appeared. that ſuch ſmall charges of 
powder has prod ** © ceater ravage in timber, than 
has been found with the uſual charges : From whence 
it may be reaſonably concluded, "that if a ſhot has 
Juſt force enough to go through one fide of a ſhip, 
there will be a greater quantity of ſplinters rent out 
of the plank, and conſequently do more miſchief, 
than if the ſhot went with a velocity ſufficient to drive 
it through both ſides of the ſhip. 


ARTICLE XL 


Of the number of ſhot or ſhells in a finiſhed pile. 

TrRoN ſhot and ſhells are uſually piled up by hori- 
zontal courſes into a pyramidal form, the baſe being 
either an equilateral triangle or a ſquare, or a rect- 
angle; in the triangle and; ſquare, the pile finiſhes in 
a lingle ball ; bur in the rectangle, the finiſhing 1 is a 
ſingle row of balls. 

In the triangular and ſquare piles, che number of 
horizontal rows, or the number counted on one of 
the angles from the bottom to the top, is always equal 
to the number counted on one ſide, in the bottom row. 

In triangular piles, each horizontal courſe is a tri- 
angular number, produced by taking the ſucceſſive 
ſums of the numbers 1 and 2; r, 2 and 33 1, 2, 3 
and 4 I, 2, 3,4 and 5, &c. Thus. 

Numbers in order 1. 2. 3. 4. 5 .6 .7 .8 .9 . 10. 11,&c. 
Triangular numb. 1.3.6. 10. 15. 21. 28. 36. 45. 55. 66, &c. 

AnD the number of ſhot in a triangular pile is the 
ſum of all the triangular numbers taken as far, or to 
as many terms, as the number in one ſide of the bot- 
tom courle. 


A rule to find the number of foot in 4 triangular pile. 
Cour the number in the bottom row, and multiply 
| © — What 
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that number more two by that number more one: 
Then the product multiplied by one ſixth of the ſaid 
number, the product will de the ſum of all the. thot 
in the _ 


7 E —_— I. 3 many 1 are in a | a finiſhed triangular 
pile, in ont fide of whoſe bottom courſe are 20 ſhot 2. - 
Now the number more two is 22; and the number 
more one is 21. 
AND 22x21 gives 462. „ ͤ Üͤß 
Tux 462x*2 A 540, the number of 65 in that 
bile. © Ny \ n 


Ex AM. II. Required the number of ſhot i ina finiſhed 

pile; there being in one fide of * — yy 4.0 
ſoot? | 
 Hzre the number more two is 423 and the number 
more one is 41. | 

AND 42X41 gives 1722. 

TEN 1722x*2 =11480 ſhot in that pile. 

In ſquare 15 es, eacli horizontal courſe is a Hoare 
number, produced by Pound the OO of the 1 num- 
ber in its fide: + 
Number in the ſide 1:24 4 g. 67. 8. 9. ne, Y 
Squares, or horiz. courſes 1.4. 2-46. 25-30. 49.64- 31.100, &c. 

AND the number of ſhot in a ſquare pile is the ſum 


of all the ſquares, taken from one, as far as the num- 
ber in the ſides of the bottom caurkc,. 5939 39. 
4 rule to Bol the number of ſhot i in 4 ſauare pile. 

Co the number in one ſide of the bottom courſe; 
to that number add one, and to its double add one; 
multiply the two ſums together; then their product 
being multiplied by one ſixth of the ſaid number, the 


product will give the 8 of ſhot e en in 28 
*. 


Ex AM. 
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Exam, III. How many ſhot are in a ſquare finiſhed 
Pile, one ſide of its baſe containing 20 ſhot ? 
Here the number is 20. 
Tas number more one is 21; and its double, 
more one is 41. 8 Pas 
Tux product of theſe numbers is 861 (=21x41) 
THEN 861x**2=2870, the number of ſhot in that 
pile. 


Exam. IV. Required the number of ſhot in a ſquare 


finiſhed pile, one ſide of the lower courſe, or tier, having 


40 ſhot in il? | 
Henk the number counted is 40. 


THarT number more one is 41; its double, more 


one is 81. 
AND 81x41==3321 the product. 
Trex 332 1x 22140 the number in that pile. 


From theſe examples it may be obſerved, that 
where room is wanted, *tis moſt convenient to have 
the ſhot ſtowed in triangular piles : For on the equi- 
lateral triangle, which 1s leſs than half the area of a 
ſquare on one of its ſides, there can be piled a greater 
number than half of what can be raiſed on the ſquare: 
Indeed the height of a ſquare pile is ſomewhat le 
than a triangular one, as a ſhot will ſink lower in the 
ſpace between 4-others, than in the ſpace between 3 
others, all the ſhot being of equal diameter; they 
being ſo reckoned in every pile. 


Ix rectangular. piles, each horizontal courſe is a 


rectangle, the upper one being one row of balls: 
Now every ſuch oblong pile may be conſidered as 
. conſiſting of two parts, one a ſquare pyramid, and 
the other a triangular priſm. 
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To find the number of ſhot in a refangular pile. 

iſt. TAkx the difference between the number in 
length and breadth in the bottom courſe, 

2d. MuLTieLy the number in breadth, more one, 
by half the breadth ; the product multiplied by the 
faid difference, will give the number in the priſmatic 

. 

1 3d. Uron the ſquare of the breadth, find (by the 
laſt rule) the number in a pyramidal pile. 

4th. Tux the ſum of theſe two piles will ſhew the 
pumber in the rectangular pile. 
N. B. The number of horizontal courſes, or rows, is 


equal to the number in breadth at bottom: And 


the number leſs one, in the top row, is the diffe- 


rence between the number in length and: breadth 
at bottom. | 


Exam. V. How many ſhot are in a finiſhed pile of 20 
courſes, the number in the top row being 40 ? 


HFxxx 39 is the difference  berween the length and 
breadth. 

And 20 is the breadth. 
Nov 01 ar! and 2x20 ＋ 141. 


THEN 21x41x F ==2870, are the ſhot in the pyra- 
midal pile. 


Again. Taz breadth more ene is 213 and 10 is 


the half breadth. 
Ap 21x10=210, 


TEN 2 109 = 190, are the ſhot in the priſma- 
tic pile. 


ConsrquenTry the ſum of 2870 and 8190, or 
1106 ſhot will be the number contained in chat rec- 
tangular pile. 

Ir any of theſe piles are broken, by 216g the 
upper part taken off, and the remaining number of 
mot are required it may be obtained by 22 
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ing what the whole finiſhed pile would contain ; and 
alſo what the pile wanting, or taken away contained 
for then their difference will ſhew the number re- 
maining, | „ 
Tre foregoing rules are thus expreſſed on the Cal- 


lipers. 


NUMBER of ſhot or ſhells in a pile. 
Lr z=N* in an angular row Toca Pil 
m==N"* leſs one in the top row n 


mn 


Turn n 2X HTI 6 Ne in a A 


AND mn+1x% 2n+1X = Ne in a Pile. 


ALso 2n+1+gmxn+1x% N. in a D 


In Examples I & III. The letter ꝝ ſtands tor 20. 
Anp Examples II & IV. The letter x ſtands for 40. 
In Example V. The letter ꝝ ſtands for 20. 

AND the letter m ſtands for 39. 
TEN 2+ 1==2x20+1== 41. 


AND 3m 2117. 

So 2uþ+1+3m 218. 
Also #+1 | = 21. 
Anp = == 


Trex 2n+1+3mxuFIx = 58x21 1060. 


ARTICLE XI. 


Concerning the fall of heavy bodies. 

Wurd heavy bodies are ſuffered to fall, it is well 
known they fall in lines perpendicular to the ſurface 
of the earth. | 

THe force with which any body in motion ſtrikes 
an obſtacle, depends on the weight of that body, and 
on the velocity or ſwiftneſs with which it moves. 
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Tuus a man by throwing, with the ſame ſtrength, 


a pound of iron and a pound of cerk, will hit a much 


harder ſtroke with the iron than with the cork. 


Arso a man and a boy each throwing a pound of 


iron againſt the ſame object, the ſtroke given by the 
man will be ſtronger than that given by the boy, on 
account of the man's weight flying the ſwifteſt. 

Tre lame heavy body by falling from different 
heights, will ſtrike blows of different ſtrength, that 
being the ſtrongeſt where the height is greateſt, 
Conſequently heavy bodies by falling acquire velo- 
cities greater and greater according to the length of 
their fall. 

Tur three following propoſitions in falling bodies 
have been proved many ways. 


1ſt. That the velocities acquired, are direct propor- 
tonal to the times. 

2d. That the ſpaces fallen thr ak are as the ſquares 
of the times, or as the ſquares of the velocities. 

3d. That a body moving uniformly with the velocity 
obtained by falling through any height, will fall twice 


as far in the lane time it was paſſing through that 


height. 


ExprRIMENTS ſhew that heavy bodies fall about 

16 feet in one ſecond of time: Conſequently at the 
end of the firſt ſecond of time, a talling body has ac- 

quired a velocity that would carry it down 32 feet! in 
the next ſecond of time. 

Tux from the foregoing three propoſition may 
be derived the following rules. 

1/t. THar the ſquare root of the feet in the ſpace 
fallen through, will ever be equal to one eighth of 
the velocity acquired at the end of the fall. 

2d. THAT the ſquare root of the feet in the ſpace 
fallen through, will ever be equal to four times the 
number of ſeconds of time the body has been falling. 
3d. AND 


th 
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3d. Axp that four times the number of ſeconds of 
inns in which the body has been falling, is equal to 
one eighth of the velocity in feet per ſecond, acquired 
at the end of the fall. 
From theſe three rules moſt of the queſtions rela- 
tive to the fall of bodies may be readily ſolved. 
As theſe rules cannot, for want of room, be put in 
words at length on the callipers, they are, on the face 


a of one of the legs, pI: in an algebraic man- 


ner. Thus, | 
FALL. OF BODIES. 


LET S =ſpace run in feet. 
T=fime in ſeconds. 
gn in feet per ſecond. 
THEN VS AT v. 
Bopixs fall 16 feet in iſt ſee. 
Note. The character /, ſignifies the ſquare root of 
the letter joined to it. 


SOME USES, 


Exam, I. How many feet will a bullet fall in 5 + 
conds of time? 


HERE the time T=5; 

THEN 4T, makes 4x 5==20. 

Now y/s=(4T=) 20. 
Ax D S (20* 20 =) 400. 


Exam. II. From what height muſt a bullet fall to ac- 
quire a velocity of 160 feet per ſecond ? 


Tux rule is YS v. 
HERE v is 160 feet. 

AND 4v== (*$2==) 200. 
TEENS neee 400 feet. 
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Exam. III. How long muſt à bullet be in falling to 
acquire a velocity of 160 feet per JOE) ? 


Tus rule is 41 = u. 

Here v= 160 feet. 

AND 2 E 20. 

80 41 

THEN T= gh P=, 5 ſeconds of time. 


Exam. IV. How many ſeconds will it require for a 
Beavy body 10 fall through a ſpace equal to 337 5 yards? 


Tre rule is 41s. 
THEREFORE T=;VS. 

HERE $8=3375 yards, or 10125 feet. 

AND the {quare root of 10125 is 100, 6. 

THEN 100, 6 divided by 4 gives 25,15. 

So that it will require 250. 9“ of time for the bo- 
dy to fall through 3375 yards. 


ARTICLE XII. 


Rules for the raiſing of water. 


ExPERIMENTS have ſhewn, that taking horſes and 
men of a moderate ſtrength, one horſe will do as much 
work in railing of water, and ſuch like labour, as 
five men can. 

Ir has been alſo found, that one man in a minute, 
can raiſe. a hogſhead of water -12 feet high upon a 
mean: For a ſtout man, well plied with ſtrong li li- 
quor, will raiſe a hogſhead of water 15 feet high in a 
minute: Now as the quantity of liquor equal to a 
hogſhead was raiſed to theſe heights only by way of 
experiment for a few minutes, ſuch numbers ought 
not to be eſteerned as the common labour of a man 
who is to work 4 or 5 hours on a ſtretch : But it may 
by reckoned, that of common labouring men, taken 


« One 


et 
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one with another, one of them will raiſe a hogſhead 


of water to 8 feet in height in one minute, and work 
at that rate for ſome hours. 

IT is quite indifferent in what manner the man is 
ſuppoſed to apply his force; whether by carrying the 
water in manageable parcels up a ſtair-caſe, or raiſ- 
ing it by means of ſome machine: For the advantage 
gained by uſing of engines ariſes chiefly from the eaſe 
with which the power can be applied. | 

On the face a of the callipers, are the rules, thus 
denoted. 


To raiſe water. 


Taz power = Þ men. 

Or to + Þ horſes 

Can raiſe to 87 feet high = 

Tre quantity h, hhds. in T hit. 

OR o, gallons in 60 f ſeconds. 

OR, pub Nr minutes. 

N. B. Cuzic feet x6, 1277 gives gall. 
HRE hogſheads are reckoned at 60 gallons, this 


eſtimate being nice enough for any computations on 


water engines. | 
SOME USES. 


Exany. I. How many hog ſheads can fix borſes rai 
by an engine, to 25 feet high in 3 hours ? 


Now 6 horſes, at 5 men to a horſe, is equal t0.30 
men. 

Aup the time 3 hours is equal to 180 minutes. ; 

THe height to be raiſed is 25 feet. : 

Tu general rule is HxF=Px8xT. 

HRE F==25; P=30 T=180. 

AND. EH is required. 


__PX8xT 
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| 30x8x180 __ 


25 
Hence this rule. MurLTieLy eight times the power 


by the time, the product divided by the height, gives 
the hogſheads.” | ; 


Or n= [728 hogſheads. 


ExAMP. IT. It is propofed to throw out of a pond, 
by an engine, 432 tuns of water in 3 hours by ſix horſes; ; 
to what heighth can the water be raiſed? 


As 4 Hhds make one tun; fo 432 tuns make 
1728 Hhds. 

AxD 3 hours, or 180 minutes is the time. 

ALso the power of ſix horſes, is qu to that of 
30 men. 

Tus general rule is H SPX SX T. 

HRE H=1728 ; P==30; T=180, 

AND y is required. 


Thame wn PNOXT 
„ ne bg zoxbxa80-.. 
1 TT Tok * 23 * high, 


Hence this rule. MuLTieLY eight times the power 


gives the height! in feet. 


by the time; the product divided. N. the hogheads, 


© Exan. ITE. How * will 5 it require Wy” Tx Hor ſes to 
raiſe with an engine 1725 e of water to the 
height of 25 feet? 8 

Now the power of 6 horſes, 3 is equal to that of 30 
men. | 

Tat hogſheads to be raiſed « are 1728. N 

Tre height raiſed to is 25 feet. e 

THe general rule is HxF=Px8xT. 

_ Here H=1728; ng! 0. 
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AND T is required. 
Tax 1 . 
Px8 
On (A) 180 minutes, or 3 
Ox8 © hours. 


Hence this rule. MuLTipLyY the hogſheads, by the 
height in feet; the product divided by 8 times, the 
power will give the time in minutes. 


ExAMp. IV. How many horſes will it require to 


work an engine, to _ 1728 bog ſheads to the height 


of 25 feet, in 3 hours? 
Now the hogſheads to be raiſed are 1728. 
Tre height to be raiſed is 25 feet. 
THe time to be done in is 3 hours, or 180 minutes, 
THe general rule is HxF=Px8xT. 
Hzre H=1728; F=253 T=180. 
An Þ is required. 


HXF 
TreN P= Fr 


= C =) 30 men, or 6 horſes. 


8x1800 
. 6515 rule. MULTIPLY the number of hogſ- 
heads, by the height in feet; the product divided by 
8 times the number of minutes, gives the number of 
men, 


ARTICLE XIV. 


| Of the ſhooting in cannon and mortars. 
[T has been proved by many writers, that the flight 


of ſhet, or the track they deſcribe in the air, is a 
curve line called a Parabola: But then they ſuppoſe 


that the reſiſtance made by the air is ſo inconſiderable 


as ſcarcely to affect the motion of heavy bodies. 


Upon this ſuppoſition then, which is very far from 


being true; there have been collected the following 


obſervations and rules. 
N 4 I. i 
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I. Arr. bodies projected by any force, are urged 
with two motions, viz. one in the the di- 
rection of the power exerted by the engine, 
and the other in a perpendicular direction to 
the earth, by the force of gravity; and the 

track or path deſcribed by the body with theſe 
two forces is a curve called the parabola. 

II. Taz axis of the curve will be at right angles 
to the horizon; and the part in which the 
body deſcends will be alike to that in which 
it aſcended. 

III. If the point to which the body arrives in its 
deſcent, be on the ſame level with the point 
from which it was projected, thoſe points are 
equally diſtant from the vertex, or higheſt 
point of the curve. 

IV. Ir a body be projected oblique to the horizon, 
it will fall there again in the ſame obliquity, 
and with the ſame velocity it was projected 

withal. 

V. Tur horizontal ranges of equal bodies, when 
' Projected with the ſame velocity, at different 
elevations, will be in proportion to one ano- 
ther; as the right ſines of twice the angles of 
elevation. 

VI. Amonc equal bodies, projected with equal velo- 

\ cities, the heights to which they will riſe in 
tha air, are in the ſame proportion to one ano- 
ther as the verſed ſines of twice the angles of 
elevation. 

VII. Wren equal bodies are projected with equal 
velocities, the times of their continuance in 

the air will be in proportion to one another 
as the right fines of the angles of elevation. 

VIII. In the ſame piece, different charges of equally 
good gunpowder will produce velocities, nearly 
in the ſame proportion as the ſquare roots of 
the weights of the charges. 


IX. IF 
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IX. Ir equal bodies be projected at the ſame eleva- 


tion, but with different velocities, the horizon- 
tal ranges will be in proportion to one ano- 
ther, as the ſquares of the velocities given to 
the ſhot, or as the weights of the charges of 
powder nearly. 

X. Tur greateſt horizontal range is double to the 
height from which the body ſhould fall to ac- 

vire that force or velocity which would pro- 
ject it to that horizontal range. 

XI. Tur greateſt horizontal range, or diſtance to 
which a body can be thrown, will be obtained 
when it is projected at an angle of 45 degrees 
of elevation. 

XII. Tux greateſt height to which a projected body 
can riſe, at an elevation of 45 degrees, is equal 
to one fourth part of its horizontal range, 

XIII. To hit an object that lies above or below the 
horizon of the piece, the beſt elevation, is equal 
to the complement of half the angular diftance 
between the object and the zenith. 

XIV, Ar elevations equally dittant from 45 degrees, 
both above and below it, the horizontal ranges 
will be equal. 

XV. Tur time which a heavy body, projected at an 
elevation of 45 degrees, will continue in the 
air, before it arrives at the horizon, will be 
equal to the time that body would take to de- 
ſcend, by the force of gravity, through a ſpace 
equal to the horizontal range, 


I” has been found that a 24 pounder at an PIT 
tion of 45 degrees, and charged with 16 pound of 


powder, has ranged its ſhot upon Fe horizontal 
plane about 6750 yards. 


THEREFORE 3375 is the impetus, or perpendicu- 


lar ſpace which a 24 pounder muſt fall through to 


acquire ſuch a velocity, as, at an elevation of 45 de- 
grees, 
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grees, would project or throw that ſhot on the hori- 
zon to the diſtance of 6750 yards. 

Now a heavy body falling by the force of gravity 
through a ſpace equal to 3375 yards or 10125 feet, 
will, at the end of the fall, acquire a velocity of 
804,8 or about 805 feet per ſecond (as ſhewn at 
* XII.) 

AnD to fall through : a ſpace of 805 beet. it would 
require 23. 9“ of time. 

Tre chief of the above principles are ſhortly ex- 
-prefled on the face s of the callipers in the following 
mgnnet⸗ 1 5 


RULES FOR SHOOTING. 


Hor. ranges, as right 
Heights, are Bratt. Hoes of wude — 


Time in air, as right ſines of 


* . © Hor. range, at 45 * of elevation. 


Ix aſcents or deſcents, for the beſt elevation. 

Taxe the complement of + the angular diftance 
from object to zenith. | 

To apply theſe rules to the entice of ſhooting, 
it is to be underſtood that the gunner ſhould make 
an experiment with every gun he has the care of at 
' ſome elevation, ſuppoſe at 45, degrees, and with the 
uſual charge of powder, and then knowing how far 
the piece has ranged the ſhot on the horizontal plane; 
he may apply the reſult. of thoſe experiments to other 
elevations and quantities of powder. 


Exaup. I. Suppoſe the preateſt horizontal range to 
be 6750 yards : How far will the ſame piece, and with 
An equal charge of powder, range a ſhot at an elevation 
4 25 degrees ? 


Wirz equal charges the horizontal ranges are as 
the _ ſines of twice the angles of elevation. 
— h THEN, 
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Tukx, As radius, or the fine of twice 435 
Iss co the fine of 509, or the fine of twice 25, 
So is the greateſt horizontal range 6750yds ' 
To the horizontal range required, 5170 yds. 
- *TrarT is, The extent on che line of ſines from go" 
to 505 
, Will on the line of numbers reach from 
6750 to 5170. 


ExAMp. II. The greateſt horizontal range of a 24 
pounder being 6750 yards: To what height will that 
ſhot riſe at an elevation of 25 degrees? 


AT an elevation of 45˙: the ſhot will riſe 1687; 
yards, = of 6750. 
AxD the heights are as the verſed fines of twice 
the angles of elevation. 
Tux, As the verſed fine of go degrees, or of twice 45% 
\ . to the verſed fine of 50 degrees, or of twite 25%; 
So is the height of an elevation of 459, viz. 16872, 
To the height at an elevation of 25%. 602,8-yards. 


Tx logarithm verſed fines on the callipers are the 
ſupplements of the real verſed ſines; thereforę in the 
uſing of this line the ſupplements of an angles 
are to be uſed. 

Tnxx the extent from the verſed ſine of go? to-the 
verſed ſine of 130˙ (the ſupplement of 50®) will on 
the line of numbers reach from 1687 to 603. 

Or thus. TAE ER 12924 of 5170, the horizontal 
range on an elevation of 23. | 

THEN, The extent on the bi tangents from ra- 
dius to 2 5˙5 will on the line of numbers reach from 

12922 to ow: * ee 
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Exams. III. As an elevation of 25 degrees, how ma- 
Ty ſeconds will a 24 pounder continue in the air before 
it arrives at the horizon ? 


AT 45* elevation the ſhot takes 382 fectinds in 
the air *. 


And the times in air are as the right {ines of the 
elevations. 
TEN As the ſine of the elevation, 45 degrees, 
Is to the fine of the elevation, 25 degrees ; ; 
So is the time in air at 459, viz. 355 ſeconds, 
To the time in air at '25?, viz. 21 ſeconds. 
On the line of log. ſines take the extent from 45 
degrees to 25 degrees; then will this extent, applied 
to the ſcale of log. numbers, reach from 3 55 to 21 


ſeconds. 


| And hence may be eſtimated the lengths of fuſes 
proper for ſhells to be fired at given elevations and 
ranges. | 


Exam. IV. Required the elevation neceſſary to ftrike 
an object on the horizon at 51 70 yards diſtance, the great- 


e random of that piece being 6750 yards? 


Sar. As the greateſt random, 6750 yards, 
To a propoſed random, 5170 yards; 
So is radius, or twice the fine of 45 degrees, 
Todouble the elevation required, viz. 5odeg. 
Tux halt of which, or 25 degrees, is the elevation 
neceſſary to be given to the piece. 
Tunis elevation is called the lower one. 
AxD the upper * is at 65 degrees. 


* This time of 0 ſeconds is derived from Rule XV. 
Then working by the rules belonging to article XII. it will 
be found that a heavy body will require 353 ſeconds to fall 
through the ſpace of 6750 yards. 
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For 25 degrees and 65 degrees a are equally diſtant 
from 45 degrees. 


ExAMr. V. At an elevation of 45 degrees, 16 Ib. of 
powder will throw a 24. pounder 6750 yards : How 


much powder will throw the ſame ſhot 5170 yards at 
the ſame elevation ? 


By rule IX. Tur charges of powder are nearly as 
the horizontal ranges, 
THxxn As the horizontal range 67 50 
To the horizontal range 5170, 
So is the given charge 16 lb. 
To the required charge 12,26 lb. 
Tris proportion may be accurately enough worked 
by the line of numbers. 


Fox the extent from 67 50 to 5170, will reach from 


16 to 1 


ExXAMP. VI. At an mene of 2 5 degrees, a 24 


pounder was ranged on the horizon 5170 yards: Re- 


quired the impetus that would have given an equal velo- 
city to that ſhot £ 


W1TH an equal charge of powder uſed at 45 de- 


grees of elevation, as was uſed at 25 degrees, the ſhot 
would have the greateſt horizontal range, 
Anp with equal charges in the ſame piece, the im- 


petus is the ſame at any elevation. 


CONSEQUENTLY, to ſolve this queſtion nothing 
more is required than to find the greateſt horizonta 
range, which is double to the 1 impetus. 

THen from rule V, by inverſion 
As the fine of 30 deg. twice the given elevation, 

Is to radius, or the ſine of twice 45˙ 

So is the given horizontal range 3170 

To the greateſt horizontal range 6750, 

Tae half, or 3375 18 the 1 impetus required. 
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+ Traris, the extent on the line of fines from go too 
WIL on the line of numb. reach from 5170 to 67 50. 


Exam. VII. Suppoſe the borizontal range of a piece 
to be 6750 yards : Required the angle of elevation pro- 


per to ftrike an object 12* above the level of the piece, 


the horizontal diſtance of that objef# being 4680 yards? 


Sar, As the greateſt horizontal range 6750 
Is to the given horizontal diſtance 4680 
So is the coſine of the objects elevationy 8 o 
To another Hine 12 42 
Tnus, the extent on the line of numbers from 6750 
to 4680 | : 
WiLrL on the lis of log. fines reach from 789 to 
about 424. 
Now on the natural ſines, ke the extentof , 424 deg, 


Taren this extent applied from the natural ſine of 


the elevation 12 


WiLL give the natural fine of about 622 degrees | 


whoſe coſine is about 27742 
Or rather 275. 37 7. it's Half is I 3. 40 


Tas. ſum of go* and the given elevation 12* * 


402; the half is 51*. .. 

THren the ſum of theſe halves (5 1+ 137.48. 2 64 
480%. is the greater elevation. 

Axt the difference of theſe halves (519%—13? 48 '=) 
37%. 127. is the leſſer elevation. 


So that the piece pointed at either of theſe eleva- 
tions, with the charge of powder that gave the hori- 


zontal range, the object will be ſtruck. 
Bur in all ſhooting on aſcents or deſcents, it is 
beſt to take the angle between the object and zenith, 


and get the complement of the half of that angle; 


then the piece being elevated to that complement, 
find by trials what charge will reach the object: For 
on this elevation, a leſs charge of powder will do the 
buſineſs than on any other elevation. 


So 


6" 
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So in the foregoing example the diſtance of the 
4 ect from the zenith is 780, 

Tur half of 78 is 39, and the complement of f 39 
is 51*, for the beſt elevation. 


"ARTFCLE: XV. 


| Of the line of inches. 


Tuꝛs line, the uſe of which is well known, is placed 
on the edge of the callipers, or on the ſtrait borders of 
the faces « o, p. | 


| | ARTICLE XVI, 
Of the ö ſcales of numbers, fine nes, verſed fines 


and tangents. 


Tres ſcales are placed along the faces c, Þ of the 
callipers, near the ſtrait edges, and are marked and 
numbered as is ſhewn in ſection X; ſome of the uſes 
of theſe ſcales are alſo ſhewn in the XV and following 
ſections. 


CARTLICLE XV 


Of the line of lines. 


Tux line of lines is placed on the callipers on the 
faces c, b, in an angular poſition, tending towards 
the center of the inſtrument; its conſtruction and uſes 


are the ſame as deſcribed in treating of the ſector; the 


reader will find ſufficient inſtructions in the ſections 
XI. and XII. | | 


* ARTICLE XVII. 
Of the lines of plans or ſuperſicies. 


| Trim lines he on the faces c, p, of the callipers, 
and like the line of lines tend towards the center of 


the inſtrument: They are marked near the ends of 
the 
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the callipers with the word Plan, and have the 


figures 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, I, running to- 


wards the center: Each of theſe primary diviſions 
is ſubdivided into ten parts; and each of the ſubdi- 
viſions is alſo divided into two, or more parts, ac- 
cording to the length of the callipers. 

Tusk diviſions reckoned from the center alon 
either leg, are as the ſquare roots of all the whole 
numbers under 100; and alſo, of the half numbers: 
That is, the diſtance from the center to the firſt 1, 


is as the ſquare root of 1: From the center to the 


next diviſion is as the ſquare root of 1+: To the 
next as 2, the next as 22, the next as 3, &c. 


AnD the diſtance from the center to the ſecond 1, 


is as the ſquare root of 10; from the center to the 
next diviſion is as the ſquare root of 10; to the 
next as 11; to the next as 112, &c. 80 that the 
diſtances from the center to 2, to 3, to 4, and ſo on 
to 10, are as the ſquare roots of 20, 30, 40, and fo 
on to 100; and the intermediate diviſions and ſub- 
diviſions are eſtimated as before ſhewn between 1 
and 10. 

Tris line is eaſily conſtructed from a table of the 
ſquare roots of all the units and half units under 100; 
together with a ſcale of the intended length of the 
line of plans, divided into 500 or 1000 equal parts; 


and ſuch a ſcale is the line of lines. 


In the following ſolutions, the length of lines are 
ſuppoſed to be taken between the points of a pair of 
compaſſes: And when the callipers are ſaid to be 


| opened to any line; it means, to the diſtance of the 


points of the compaſs between which that line was 
taken ; the points being. applied tranſverſely to the 


A1. of the callipers, as ſhewn for the ſector at ſection 
_ 
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SOME USES OF THE SCALES OF PLANS, 


: Exams. I. Tofind the ſquare root of a given number. 
1}. On the line of plans ſeek the diviſion repre- 
ſenting the given number: Obſerving, that numbers 
of an odd number of places are beſt found between 
the diviſions 1 and 1; and thoſe of an even number 


: of places, between the 2d 1 and the 10 at the end. 


2d. Tak, with the compalles, the diſtance be- 
tween that diviſion and the center of the callipers; 
and this extent being applied, from the center late- 
rally along the line of lines, will give the ſquare root 
of the number propoſed: . | 


Tuvs the ſquare root of g is 2 
g | of 9oo 1 0 
of 90000 is 300 


: . &c. 
Tux given numbers being reckoned between the 


two diviſions marked 1 and 1. 


Aci the ſquare root of 36 is 6 
of 360 is 18,9 
of 3600 is 60 
of 36000 is 189,7. 
fe the integer places in the given number are even, 
the root will confiſt of half as many places: But if the 
number of integers be odd, increale it by one, and 
the integer places in the root will be half that num- 
ber of places. | 
Tnus numbers of two, four, ſix, eight integer 
places, will have roots conſiſting of one, two, three, 


four, &c. places: And numbers conſiſting of one, 


three, five, &c. places, have roots of one, two, three, 


&c. places. 
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Exam. II. Between tao given numbers ( ſuppoſe 4 
and g) to find a mean proportional. 


It. Takes the greater of the given pots (9) 
laterally from the line of lines, and make this extent 


a tranſverſe diſtance to (9 and 9) the ſame number 
on the lines of plans. 


2d. TRE the tranſverſe diſtance between 7 and 


4) the leſſer given number on the lines of plans, and 
this extent applied laterally on the line of lines, will 
give (6 for) the mean N ſought. 
Tok x : DO 

By this example it is caſy to ſee how to find the 


ſide of a ſquare equal to a ſuperficies whoſe length 
and breadth are given. 


Ener III. Two frmilar, or lite, F TIRE EIN being 
given; to find what proportion they have to one another. 


1ſt. TAKE one fide of the greater ſuperficies be- 
tween the points of the compaſſes, and make this ex- 


tent a tranſverſe diſtance on the line of plans be- 


tween 10 and 10; or 100 and 100: or on ny 
other number. _ 
24d. AppLy a like ſide of the leſs ſuperficies ant. 
verſely to the line of plans; and the diviſions it falls 
on will ſnew the number, that to the former number 
(taken tranſverſely for the fide of the greater ſuper- 
ficies) bears the ſame proporrign of the leſſer ſuper- 
ficies to the greater. 
Tris propoſition may be wrought laterally on ei- 
ther of the legs, reckoning from the center: For like 
ſides of ſimilar plans being laid from the center on 


either leg, will give numbers W the proportion 
of thoſe An 
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Ei IV. To find the Y des, or other lines, of a ſu- 


| perfictes A, which ſhall be fimilar to a given ſuperficies 


B, and in a given proportion tv , ſuppoſe as 3 to7? _ 
if. To the ſcales of plans, apply cranſverſcly, any 


given line of ; to the conſequent of the given ratio, 


as from 7 to 7 

2d. TAKE the tranſverſe diſtance, on the plans, of 
the given antecedent, as from 3 to 3, and this 
extent will be a like line of the figure a. 

34. As many lines being thus found as is neceſ- 
ſary, the figure a may be conſtructed, 


Ex Au. V. To find the [6 hs or other lines, of a a- 


SER D, which fhall be like to either of two given 


plane figures a and B; and alſo be _ to the ſum or 
difference of a and B. 


1. Finp (by Ex. 3.) two numbers expreſſing the 
proportion of the given figures a and B; and take 
the ſum and difference of thoſe numbers. 

SUPPOSE the proportion of A to B, to be as 3 to 7. 

THeir ſum is 10, and their difference is 4. | 

TEN if p is to be like 4. 

Fox the ſum, it will be 3: 10 4 

Fo the diff. it will be 3: 4 4 9. 
Bor if Dis to be like B. | 

Trex, for the ſum, it will be 7: 10 ::B:! b. 

AND for the diff. it will be 7: 4: : 3: p. 

2d. FIND (by Ex. 4.) the ſides of a ſuperficies D, 


ſimilar to a, ſo that à may be to Þ as 3 to 10 for the 


ſum, or as 3 to 4 for the difference; or if like to 
B, ſo that B may be to p, as 7 to 10 for the ſum, or 


as 7 to 4 for the difference. 


AND thus, a ſufficient number of lines being found, 


the figure D moy's be conſtructed. 


O 2 Ex Auf. 
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ExAneP. VI. Three numbers heing given to find a 
faurth in a duplicate proportion: Or, the like ſides, a, 
b, of two ſimilar figures A, R, being known, and alſo the 
area A, of oue, to find the area B, of the other. 

Ox the ſcale of plans, take the given ſuperficies 
A laterally ; and on the ſcale of lines, apply this diſ- 
tance et to the given ſide a of that fuperfi- 
cies.: Take the Aha ae diſtance of the given ſide 
of the other ſuperficies, from the ſcale of lines; 
then this diftance applied laterally an the ſcale of 

plans, will ſhew the area of B. 


5 Thus. 100 40 poles be the fide of a 1 whoſe area 
14 io acres; = t 1s the area of that ſquare whoſe fide 
i oo poles? 

Taxx the lateral diſtance 10 on the ſcale of plans; 
apply this diſtance tranſverſely to 40 and 40 on the 
line of lines: Then the tranſverſe diſtance of 60 and 
60 on the lines. applied laterally to the ſcale of plans, 
WI Ul give 225 acres the area required, 


Acam. 8 many acres of woodland meaſure, of 


18 feet tg the, pole, is in that field abich contains 288 


acres, at 1 4 . feet to the Pele x 2 


APPLY the lateral diſtance of 288, taken from the 
ſcale of plans, to the line of lines, tranſverſely from 


18 to 18 ; then the tranſverſe diſtance of 162 an 


16 on the lines, will, on the ſcale of plans, give 
242 tbe area in noodlangd ns. 


Examp. VII. To open the callipess, fo. that the lives 
of plans make with one another a right angle? 


On the line of plans take the lateral extent of any 

number thereon, - 
Tarn ſet the callipers ſo, that this extent ſhall be 
a tranſverſe diſtance to the halves of the former _ 
| er, 


d. ee. 
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ber, and the lines of plans will then ſtand at right 
angles to one another. 

Tavs : The lateral extent of 60 on the plans, put 


tranſverſely to 30 and 30 on the plans, will ſet thoſe 
lines at rigkt angles to one another. | 


ARTICLE XIX. 


Of the line of ſolids. 


Tursk lines are laid on the faces of p, c, of calli- 
pers, like ſectoral lines tending to the center, and are 
diſtinguiſhed by the letters sol. placed at their ends. 

THERE are twelve 288 diviſions on theſe lines, 
marked 1, 1, 1, 2, 4.56, 7,8, 9, 10; each of the eleven 
ſpaces or intervals is divided into ten other parts; and 
each of theſe parts is divided into to or more parts, 
according to the length of the inſtrument. 

Tuxsk diviſions are beſt taken from a ſcale of equal 
parts, ſuch as the line of lines, and thence transferred 
to the ſcales of ſolids, reckoning from the center ; 
from whence the ſeveral diſtances of the diviſions 
are, as the cube roots of ſuch numbers under 100 as 
are intended to be introduced. 

Tavs, the diſtance of the firſt 1 from the center 
is as the cube root of s, and the greater diviſions 
following to the ſecond 1, expreſs the cube roots of 
Fos Bos Ee, &c. to the number 1, which the ſecond 


1 ſtands for; and if theſe ſpaces are ſuBdivided, their 


diſtances from the center are as the cube roots of vi 
Tos Tos Tos &c. 

Tux diſtance from the center to the ſecond 1 is as 
the cube root of 1, and the greater diviſions between 
the ſecond 1 and the third 1, are as the cube roots 
of the whole numbers 2, 3, 4, 5, 6, 7, 8, 9; the in- 
termediate ſmaller diviſions are as the cube roots of 
the mixed numbers to which they belong : Thus if 
the ſpace between the diviſions repreſenting the roots 
pf 1 and 2 is parted into 4 ; then thoſe ſubdiviſions 

O 3 will 
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the cube roots of 1 © fo 1: 5 


and the like for other ſubdiviſions. 
Tux diſtance between the center and the third 1 


is as the cube root of 10; and ſo the following divi- 


fions marked with 2, 3, 4, &c. to 10, are as the cube 
roots of 20, 30, 40, &c. to 100: each of theſe 
ſpaces are divided into 10 parts, which are as the 
cube roots of the intermediate whole numbers; and 
if theſe ſubdiviſions are again divided, theſe latter 
diviſions will be as the cube roots of the mixed num- 
bers to which they belong. 

O the French inſtruments, the diviſions of this 
line 1s uſually extended to 64 3 and conſequently only 


the cube roots of all the integer numbers under 64 


are thereon expreſſed: Now whether the diviſions 
proceed only to 64 or to 100, the beſt way of laying 
them down, is from a table of cube roots ready com- 
puted ; reckoning the length of the greateſt root, or 
'the length of the ſcale of ſolids, to be equal to the 
length of the line of lines, taken from the center. 

a Tux cube roots of 102 I'S 7 15 1 5 105 15 105 
25» 253 are, 0,464. 0,585. o, 669. 0,737. O, 794. 
0,843. 0,888. o, 928. 0,905. 


Tx following table contains the cube roots of all 
the whole numbers from 1 to 100. 


TaBLE 


"ABLE 
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TaBLE of cube numbers and their roots. 


Cubes; Roots Cubes Roots | Cubes Roots c Roots } Cubes Roots 


— as _ — 77 — - ' a - 


2000] 21 |2,759] 41 3.4480 61 [3,936] 81 [4,327 
1,260| 22 2, 802] 42 | 3,476] 62 |3,958] 82 14,344 
1,442 23 2,844] 43 3,503 03 [3,979] 83 [4362 
1,587] 24 [2,884] 44 3,5300 64 [4,000] 84 14,379 


—__ 2 —— — HD —_— — — 


1710] 25 |2,924| 45 3,557] 65 [4,021] 85 14,397 
1,817] 26 2, 962] 463,583] 56 [4,041] 86 |4,414 
1,913] 27 3, ooo 47 | 3,009] 67 [4,061] 87 4,431 
2, ooo] 28 | 3,036] 48 3,634] 68 [4,082] 88 4,448 
2, 80 29 [3,072] 49 | 3,059] 69 [4,102] 89 4,465 
2,154; 30 3,10% 50 3.684 70 [4121] go [4,481 
2-224) 31 [3,141] 51 [3-708] 71 [4,141] g1 14,498 

32 [3175] 52 [3-732] 72 [4,160 


— wh ud - 5 
8 = OO | 0 2 8 — | 


— 


— — — — — 


2,351] 33 [3-207] 53 [3750] 73 [4,179 
22410] 34 [3249] 5+ 3-280 74 4-198] 94 +547 
2,466 35 3,271] 55 3,803 75 [4,217] 95 [4563 
2,520! 36 [3,302] 56 |3,826] 76 [4,236] 96 14,579 


— 3 — ———— — — — 


2.5710 37 3.332] 57 3,8480 77 (4.2540 97 (4.99 
2,621] 38 3,362] 58 [3,871] 78 [4,273 98 4.610 


43 22 5 
O0 0 Own > w. 


2,668 39 [3,391] 59 3,893] 79 |4-291] 99 4.626 
2,714] 40 [4-420] bo |3,915| 41309] 190 [4,642 


Tar numbers in the foregoing cable may [bi laid 
on the line of ſolids in the following manner. 

Maxz the length of the line of ſolids equal to the 
length of the line of lines, apply this extent tranſ- 
verſely to 4,642 on the line of lines ; then the other 
numbers in the table taken tranſverſely from the line 


of lines, are to be laid laterally, from the cem on 


the line of ſolids. 


Some uſes of the Lines of folids. 


Exam. I. To find the cube root of a given number. 


Sxxx the given number on the line of ſolids, and 
take its extent from the center. 


O4 TEN 
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Tazx this extent applied laterally to the line of 
lines will give the cube root ſought. 

Ir ſhould be remarked, that a given number 

of 1, 2 or 3 places, has a root of one place. 
of 4, x or 4 places, has a root of two places, 
of 7,8 org places, has a roat of three places. 

Dat when a glven number Is ſought fax on the 
line of ſolids, - 

Tux primary diviſions from 1 to 10 may bereckon- 
ed either as fo many hundreds, or as ſo many hun- 
dred thouſands, or as ſa many hyndred millions. 

Tuvs the diviſion marked 5 may either repreſent 
500, or 500000, or 500009000. * 

Axp the like of the other primary diviſions and 
their intermediates. 

Any hence e the diviſtons between the center and 


Ex AP. I. 7 04 cn given, to find another in a 
triplicate ratio of two gi Ven numbers. 

Tnus. Suppoſe an iron ſhot of 4 inches diameter 
to weigh g Ib.; required the weight of that ſhot 

which is $ inches in diameter: ? 

Hxxx a number is to be found, that to 9 ſhall be 
in the triplicate ratio of 4 to 8. 

'Trar is, as the cube of 4 is to me cube of 8, ſo is 
9 to the number ſought. 

Now from any ſcale of equal parts, ſuppoſe inches, 
take 4; and make it a tranſverſe diſtance to 9 and 9 
on the line of ſolids ( reckoning the io at the end, as 
100): Then will the extent of 8 inches, applied 
tranſverſely to the line af ſolids, give 72 for the num- 


ber ſought, which is the pounds weigbt of an iron 
275 of F inches diameter, | 


AGAIN. 
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Ac Alx. Suppoſe a hip of 2000 tons burthen is 144 
feet 6 inches on the keel, and 51 feet by the beam : Re- 


quired the length and breadth of another fimilar ſhip that 


ſhall be of 141 5 tons burthen ? 


From any ſcale of equal parts take 1442, and 
make this extent a tranſverſe diſtance to 2000 on the 
line of ſolids ; then will the tranſverſe diſtance of 
1415 taken on the line of ſolids give the length of 
the keel, which applied to the ſaid ſcale of equal 
parts will give about 1284 feet. 

Also the extent in equal parts of 51 being moles | 
tranſverſe diſtance to 2000 on the lines of ſolids; then 
the tranſverſe diſtance on the ſolids of 1415 will give 
in equal parts 464 feet for the breadth by the beam. 


Exaur. III. Between two given numbers or lines to 
find two mean proportionals. 


1/t. From any ſcale of equal parts take the meaſure 

of the greateſt of the given lines or numbers, and ap- 

this extent tranſverſely ro that number on the line 

PY ſolids ; then the tranſverſe extent on the ſolids, 

of the leaſt of the given numbers, being taken, will 

be the greater of = e required means, whoſe meaſure 
will be found on the ſaid ſcale of equal parts. 

24. Make the extent of the greater mean, a tranſ- 
verſe diſtance to the greater of the given numbers, 
on the line of ſolids ; then the tranſverſe diſtance of 
the leſſer of the given numbers, taken froth the line 
of "OM will give the leſſer of the required means. 


iſe nus mean Proportionals were required between 
9 and 412. 

Tux lateral extent of 414, taken from the line of 
lines, apply tranſverſely to 4143 and 414 on the line 
of ſolids ; then the tranſverſe extent of 9 and ꝗ taken 
on the ſolids, and applied laterally to the line of lines, 
will give 25 for the greater of the two means. 
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202 APPENDIX. 
AePLY the ſaid extent of 25 tranſverſely to $12 


tent on the ſolids from ꝗ to g applied laterally to the 
line of lines, will give 1 5 for the leſſer mean. 


Fon 9. 1 55 25 and 11 are in continual propor- 
Wn." 


mats: IW. To „ fu the fide 7 a ave FRY to 4 


parailelopipedor whoſe length, breadth and depth are 
given. 


1/. BeTween the breadth and depth find a mean 
proportional by Ex. 2. Art, 18. 
24. Find the meaſure of the mean proportional 
on the line of lines, and apply it to the lines of ſolids 
tranſverſely, at the numbers expreſſing that meaſure: 
Then the tranſverſe extent of the length being taken 
from the line of ſolids and applied laterally to the 
line of lines, will give the ſide of a cube equal to that 


parallelopipedon. 


Tos Suppoſe a paralleopipedon whoſe length i is 72, 
breadth 64, and depth 24. | 


Tux number 64 taken laterally from the line of 


lines and applied tranſverſely to 64 and 64 on the 


line of plans; then the tranſverſe diſtance of 24 and 
24 on the plans meaſured laterally on the line of hnes 


* about 39, 2 for the mean proportional. 


Apply the extent of the mean proportional, to 39,2 


tranſverſely on the line of ſolids; then the tranſverſe 


extent of 72 and 72 on the ſolids, being applied to the 


line of lines laterally, will give 48 for the {ide of the 


cube equal in ſolidity to the given parallelopipedon. 
For 48x48x456=24x04x72=1 Wag. 


„ Exaur. V. 20 100. milar Juids A and p being given, 


7 find their ratio. 
1. Take any fide of the folid A, nad: apply it 


tranſverſely 


9 


it 
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tranſverſely on the line of ſolids from 10 to 10, or 
from any other number to its oppoſite. _ 
2d. APPLY the like fide of the ſolid B tranſverſely 


to the lines of ſolids, and obſerve the number it falls 


on : Then will the numbers on which thoſe tranſverſe 


extents fall, ſhew the ratio of the ſolids a and B. 


Examy. VI. A ſolid A being given to find the dimen- 


ions of a ſimilar *. B, that to A l have any aſſigned 


ratio. 


It. ON ED line of ſolids ſeek two numbers ex- 
preſſing the terms of the given ratio. 

2d. TAE E the extent of one ſide of the given ſolid 
'a, and apply it tranſverſely on the lines of ſolids to the 
antecedent of that given ratio; then the tranſverſe ex- 
tent of the conſequent taken on the lines of ſolids will 


be a like ſide of the ſolid B. 


Tavs. To fund the hf de of a cube B, double 40 4 \given 
cube A. 

Hex the ratio is as 1 to 2. | 

APPLY the fide of the cube a to the lines of ſolids 
tranſverſely from 1 to 1 ; that is from 10 to 10; then 
will the tranſverſe diſtance of the numbers 2 and 2 
or 20 and 20 ſhew the ſide of the cube B. 


Acain. To find the diameter of a 8 B, that to 
the ſphere a, whoſe yes 7s given, "_ be in the ra- 
tio of 3 10 2. 

Makx the Geet of the ſphere A a tranſverſe 
diſtance to 2 and 2 on the lines of ſolids ; then will 
the tranſverſe diſtance of 3 and 3 on the line of a 


be the diameter of the ſphere B. 


ExaAlr. VII. Any number of unequal / F; ales 2 
being given; to find the ſide of a ſimilar ſolid equal in mag- 
nitude to the ſum of the magnitudes of the given ſolids. 

_ Taxkz, in equal parts, a number expreſling the ſide 
F e of 


of one of the given ſolids, and apply this extent to 
the line of ſolids tranſverſely, to any number (fup- 
poſe 10 at the 3d 1). 

Also take in the ſame equal parts, che numbers 
ſewing the fimilar fides of the other ſolids, and ap- 
ply theſe extents to the lines of folds. tranſverſely, 
noting the numbers they fall on. 

Tus will the — extent on the line of ſolids 
of a number equal to the firm of the noted numbers, 
be the like fide of the ſimilar ſolid required, which 
applied to the ſame ſcaleofequal parts the others were 
taken from will give the meaſure of that ſide. 


Tuus. kat will be the diameter of that iron ſhot 
caſt from 3 other ſhot whoſe diameters were 4 inches, 4,4 
inc bes, and 5 inches ; ſuppoſing no waſte in melting? 
Mak 4 inches a tranfverſe extent on the line of 
ſolids, to any number, ſuppoſe 10. Then 4,4 inches 
applied tranſverſely to the ſolids will give about 135; 
and 5 inches alſo apphed tranlverſely to the ſolids 
will give about 197: Now the ſum of the noted 
numbers ro and 13 and 195 will be 43 then the 
tranſverſe extent of 43 on the line of ſolids will give 
6 inches for the diameter of the new ſhot, 


Exam. VIII. To find the dimenſions of a ſulid which 
Holl be equal to the difference of two given ſimalar ſolids, 
aud alſo femilar is them. | 

AypLy a dimenſion of one ſolid tranſverſely to the 
line of ſolids at any number; and alſo note what 
number on the line of ſolids, the like dimenſion of 
the other ſolid falls tranſverſely on; take the diffe- 
rence of thoſe noted numbers; and on the line of 
ſolids take tranſverſely the extent of the remainder, 
and that will be a like dimenſion of the fimilar folid 


required. 


Tnvs. 
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Tavs. With the powder ont af a ſhell of 10 inches 


concave diameter is filled a ſhell of 7 inebes : What fized 
fort will the remaining powder fill ? 


Tux extent of 10 inches being applied tranſverſely 
to the lines of ſolids, at any number, ſuppoſe 100; the 
extent of 7 inches will fall eranfrerſcly on the lines of 
ſolids, about the number 2443 : The difference be- 
tween 100 and 24+ is 652: Then the tranſverſe ex- 
tent at 652 on the line of ſolids, will give 8,7 inches 
for the N of that ſnell which the ee 
powder will fill. 


Exakt. IX. How many bells, each of 22 ds 
concave diameter, may be filled with the powder out of 
a full ell of g inches concave diameter? 

Hers the capacities being ſimilar, this Example 
is like Ex. V. 

Now make 9 inches a tranſverſe diſtance to 10 
and ro, that is 100 and 100, on the line of ſolids. 


Tw the tranſverſe diſtance anſwering to 22 


inches, on the line of ſolids, will be nearly 2, 15. 
So. that the ratio of the ꝙ inch concavity, to that of 


the 2 inch concavity, will be nearly as 100 to 


2, 15. 
Fux as 2,19: 100: : 1: 46,5 the number of 
the ſmall ſhells which may be filled; that * 46, al- 
loving a little waſte. 
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06 APPENDIX, 
ARTICLE: XX: 


; 07 Ship Guns and Sea Mortars. 


The author of this Treatiſe, ſoon after he was ap- 
pointed, by the late Lord Anſon, to be head Maſter 
of the Royal Academy at Port/mouth, obtained per- 
miſſion. of the officers of the Gun Wharf there, to 
take ſketches and meaſures of ſuch military machines 
as he deſired ; whereby he was furniſhed with a 
competent number of the dimenſions of ſhip guns 


and their carriages, alſo of ſea mortars and their 


beds, to enable him to draw up ſome papers for the 
inſtruction of his ſcholars in the names of the parts 
of thoſe machines, and allo to delineate their figures 
in nearly a juſt repreſentation of thoſe already in 
uſe : The dimenſions which were taken with great 
accuracy in inches and centeſimal parts, being re- 
duced to parts of the diameter of the proper ſhot, 
it appeared that theſe numbers might be applied to 
every. ſized gun, without materially affecting the 
lengths at preſent eſtabliſhed for the navy. 


Mr. Muller, who in his treatiſe of Artillery, pro. 


poſed that the dimenſions of cannon, &c. ſhould be 
proportioned to the diameter of the ſhot, gave pre- 
cepts for conſtructing theſe machines from ſuch di- 
menſions, founded upon a theory, which he with 
great ingenuity endeavoured to eſtabliſh, and for 
which, the Corps of Artillery are much obliged to 
him: But as the Britiſh eſtabliſhment differs con- 
ſiderably from that propoſed by this gentleman ; the 
publication of the abovementioned papers may pro- 
bably be uſeful to perſons who wiſh to be 9 
with ſuch matters. 


A ge- 
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4 general Method of conſtrufing the Figures of Iron 
Ship Guns, and their Carriages; and of Sea Mor- 
tars aud their Beds. 


As the tables here given for this purpoſe, contain 
the names of the ſeveral parts noted in theſe ma- 


chines ; it may be proper to mention ſome particu- 


lars, which ſeem neceſſary for the better underſtand- 
ing of the tables and their uſe. 

1. It has been cuſtomary for many ages paſt; to 
diſtinguiſn the length of a piece of ordnance, or can- 
non, into three parts, viz. . See Plate X. Fig. 1. 

Firſt. The FIRST REINFORCE, or that part of the 
length containing a little more than the charge or 
loading: This part is made the thickeſt in metal, 
the better to withſtand the force of the powder when 
firſt fired. 

Second. The szconD REINFORCE, another part of 
the length, joining to the Grit reinforce, but having 
a leſs thickneſs of metal ; as the force of the fired 
powder is ſuppoſed not to act ſo violently on this 
part as on the firſt reinforce. 

Third. The Chack, the remaining part of the 
cannon's length, which is more than its half: And 
herein the thickneſs of metal is leſs than in the ſe- 
cond reinforce. 

So that the external figure, excluſive of its mould- 
ings, is formed of three diſſimilar Conic Fruſtrums. 

2. Beſide theſe parts there is another, which ap- 
parently makes a part of the length, though not 
reckoned ſo, lying behind the firſt reinforce, and 
called the CASCABLE ; which is a maſs of metal join- 

ing to the hinder part of the firſt reinforce, and 
thence gradually diminiſhing in diameter to a proper 
thickneſs, called the Neck ; and finally terminating 
at the hindmoſt extremity in a knob, called the 
Bor rox, of about the ſize of a man's fitt. 
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3. Near the foremoſt end of the ſecond reinforce 
jut out twocylindricalpieces, one on each ſide, called 
T'xuNN1ONs 3 which being placed near the center of 
gravity, ſerve as anaxisto bearthegun on its carriage. 

4. In the abovementioned parts are others, having 
diſtinct names: The Caſcable conſiſts of the Button, 


the Neck and the Breech rings the firſt Reinforce 


contains the Ventſield, the | Firſt Zone and the Rein- 
force rings; the ſecond Reinforce includes in its 


length, the 7 rwitiions, the Second Zone and the Trun - 


nion rings; the Chace contains in its length, the 
Chace Girdle, the Third Zone and the Muzzle, or 
E | 
It ſeems by this kind of diviſion at ſubdivi- 


34 that the ancient conſtructors of eannon had in 


their view the diviſions of an order in architecture; 

eſpecially as they ornamented the guns with mould- 
ings uſed in that art, and called by the ſame names; 
but theſe mouldings, on pieces of ordnance; have 


much ſmaller projeQuions. than the like ornaments in 


a column. 


6. The Caſcable is a witlr ſeveral 


mouldings, the chief of which are called Breech 
rings; both the Reinforces have at each end their 
mouldings ; thoſe in the firſt, next the Breech rings, 
are called Baſe rings; and thoſe at the other end are 
called Reinforced rings: The ſecond Reinforce begins 
with a fingle ring, and ends with others ealled 
Trunnion rings: The Chace alſo begins with a ſingle 
ring, © and ends with ſeveral others called the Mule 
rings. 


7+A flat broad ring is called a Band, and a flat 


narrow 


By the ws Zone, is to be underſtood that portion on 
the ſuperficies, in either of the three chief parts, which lies 
uniformly even between the mouldings on thoſe parts. 
| + See pages 50 and 59, for the definitions and conſtrue- 
tions of ſuch mouldings in Architectute. 
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narrow ring is called a Fillet : Of mouldings which 
are nearly ſemicircularly convex, the larger fort are 
called Toros ; the ſmaller kind Afragals, Mould- 
ings of a quadrantal form, or nearly ſo, if convex, 
are called Ovol#'s; if concave, are called Cavetto's, 


Some mouldings are convexo-concave; that where 


the convex part projects moſt, is called an Ogee; 
and that were the concave part projects moſt is called 
a Cima. Every Band and Aſtragal hath a Fillet on 
each ſide. The Ventfield, Chace-girdle and Myzzle 
have each their Aſtragal; that at about three cali- 
bres length behind the Muzzle, | 1s called the Corniſh 
Tir, 

The ri rings, in general, beſide bang oratiltal, 
have their uſe in ſtrengthening the gun, and partly 
hiding the ſudden decreaſe in the diameters between 
the Reinforces and the Chace. 1 

8. The diameter of a ſhot is called its Cann 3 
which is a name alſo given to the diameter ef the 
Bore, or hollow cavity of the Gun. The calibre of 
the Gun is greater than that of the ſnhot, by about a 
19th or 20th part of that of the ſhot ; Which is u 
ſulfficient allowance for what is called WiNDAGE,z 
that the ſhot may -pals freely in and out t ef Ahe 
Gun. 

. The 'Boxz, or 'Hortow CYLINDER, is hat 
cavity along which the charge enters and returns: 
This Bore extends the. length of. the Gun, alli but 
one of its calibres; the ſolid maſs beween the bot- 
tom of the Bore, and the Caſcable 13 called the 
'BREECH. 

10. From the hinder part of the Brieth: to the 
Mouth, or front extremity of the Bore, is reckoned 
as the length of the Gun; excluſive of the Caſcable, 


which has a length generally allowed to it, of about 


a ninth part of hat of the Gun. 
The Iron ſhip guns uſed, by the preſent eſta- 


bliſhment, have neither their whole length, nor either 
| 3 2:0 
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of their three chief parts, in a conſtant ratio to the 
calibre of their reſpective ſhots ; ſome being longer, 
others ſhorter, than any one Gun choſen for a ſtan- 
dard: However, a general relation between the 
whole length and the lengths of the three chief parts, 
has been eſtabliſhed in Britain; which differs but 
little from the practice of moſt of the neighbouring 
nations. 
Eis The preſent Rules obſerved i in the lengths of 
the parts of a Cannon, are the following : 

The firſt Reinforce is 5ths of the whole length. 


The ſecond Reinforce is, of the whole length, 3th - 


1 calibre of the ſhot, 
The Chace is, of the whole length $thi—1 cali- 
bre of the ſnot. 

The center of the . is diſtant from tlie 
hinder part of the Breech 3ths of the whole length. 
But a ſmall variation in the lengths of theſe parts, 
will not materially affect the Gun, exther 1 in in Erangeh, 
uſe, or pleaſing proportion. 

12. In the following table, the common notion 


of a 9 pound iron ſhot being 4 inches in diameter 
(which is very near the truth) was uſed, to compute 


the diameters of other ſhots, from their weights be- 
ing given. 
Now if wv repreſents the weight of any ſhot, whoſe 
diameter is d. 


: le . 


And the logarithm of 4 = E. 6 40, 84194. 
The length of the Gun in inches, divided by a, 
gives the length in calibres of the ſhot. 


TAI 


2 


S O. Weioht nf the | - 
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Tape of the Brit Eftabli EIN of the weights of 
Shot ; and of the lengths of Cannon and their chief 
parts, ; with their reduction to calibres of. the ſhot. 


E 


* 


. 


1 

Length of the 
Length of the 
rom the 


einforce 
Teng fro 


Length of the 
un; in calibres. 


R 


in calibres, 


8 


1 in inches. 
Length ERS i 
Jun. in iche 
1 55 of „% 
2d. Reinforce 
in calibres. 
Chace in cali- 
bres 
| breech-to the 
event. of Trun, 


Weight of the 


n 
—_ 
+ 


Shot, in — 5 
Calibre of the 
1ſt 


38 \ 
S 3.5520 725 y man 23,587 6,739 „ 105108 
3.4944] 84. inch 24,039 6, 868,4, 43412, 7 36 10, 302 
. | 40000 [/ 4, inch. 21,000 |6,0co| 4,000|11,000] g, oo 
12 Ib. 4.402608, inch 24.5 5317, 0094, 50413, 01810, 13 
18 Ib. $+9397 108, inch 21430 6,1234, 6111, 246 1 184 
24 Ib. 5. 469108, inch 19,470] 5, 5633,78 1010, 126 8,343 
32 1b. 6, 1051 114 inch 18,673 5,335 3.6680 9,670 8,c02 
42 Ib.16, 2 l [5,129 3,505 9-259 72093 
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A very neat twenty- -four ounder was choſen 
as a dard fl the meaſures of its members ; theſe 
were reduced to parts of the calibres of the ſhot; and 
are contained in the following table: where the bore | 
of the Gun is 1,054 diameters of the ſhot; the v4] 
thickneſs of the metal at the vent, is 1,185; and 1 

0 EE 6 
the Trunnions project 1, 100 calibres clear of the 14 
Gun, having its middle line, or Axis, a tangent co 


q 1 : 

the lower part of the bore. iſt 
1 

1 

ths 1 

13 

< oa 85 4 

i; * ie '(. ly | 1 
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114 
2 


212 


A Targeting the dimenſions of the ſeveral paris of 
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an Iron 24 pounder, whoſe length was 9 feet. 


I" Great NT 5 — Ea KT ; ; 
| Parts, parts. * 25 nen | i Ave Diameters. | 
. Si NI Sphere - - -f © 595 1,28 | 
2 280 
8 Button Lea — — 0,054 1,334 | [ 
4 (Zone - | 0,406 
2 Neck - -| 0,370 1,100 
FS » | Fillet , + - =| 0,054 1,568 
. Ovolo - - [0,126 1,92 | 
3 4 f 2929 
42 Breech rings Fillet - - 0, 054 2,109 
1 22 | 0,792 Cima . 0,478 
= Fillet - = 0,054 3-299 
128 | Ovolo - - 0.126 | 3»56g 
- We ITT Fillet - = = | 0,054 3041 
S K. ; I Band = - 0,216 | 3 695 
- S rings Fill f 1 
: Q en | 0,612 uet = = = 0,054 | 3,641 | 
a a {| Ogee - - -| 60,288 8 3,605 © 
— <Q - . 4 
' GH : : ; 2 374617 
| E 5 — »- ;Ventage. - 5,847 | 
2 e 4. 0,054 
2 | Aftragal Aﬀragal — = 0,126 | 
W— | Fillet -._ - o,o 8 
5 _ * Clear, or Zone 3 | | 
4 IX Reinforce 1 Fillet 7 = =; O, 054 N 3,245 
= Pand - 0, 198 3,29 
Kiss Fillet - . 
T —_—— — — i . „ 1 . ö 
858. JJ%%%%% 3.2973 | 
. 8 88 FE . e 2 3. 
. Clear, or Zone 2,062 
2 © Trunnions [ 1, 054 
82 Clear, or Zone - | 0,234, 4 
[I © t Fill - 0, 054 2,938 
1 7 | Tronatdn: - | Bend - = <| 0,198 2 
1 Rings Fillet = - =} 0,054 2,938 
2 — ; l : 
8.8 
FE | 
Ogee - - o, 80 T 2,812 
5 L Girdle -| 0,847 
82 8 Chace Girdle \ Fillet - - <| 0,054 | 
1 Se Length J Aftragal - <| 0,126 . 
S d Fillet - - -| 0,054 | 
L m—_ Clear, or Zone 5,656 | | 
i = A _ A e —_ | 
oo 3 wt _ O : 
I 4 „„ Tt 0,054 | | - 
2 Collar - - -| 2,380 } | 
8 £ | Ovolo - -| 0,198 | 3,010 | 
| MuzzleRings Fillet - - -| 0,054 J 2,812 | 
| Length 0,540 Y Ogee - ] 0,234 3 —— 
5 ff oY 
-| 0,054 ft 2,289 | 


— wr... 4.4 _— 
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In the preceding diſpoſition, the length of the ſe- 
_ cond Reinforce is increaſed by the breadth of the 
laſt Filler, and the Chace is as much diminiſhed from 
the general proportions in the table, Article XII. 

Each Aſtragal projects 0,003 above its Fillet; 
and the Fillet projects ©, o18 above the. lurface 
of the Gun. 

14. In the delineation of Comm by the table, 
Art. 13. in order to preſerve the eſtabliſhed 
lengths, thoſe under the 24 pounder, where the 
| length of each part contains more calibres of its ſhot, 
than the correſponding parts of the 24 pounder does 
of its own ſhot; the Zone in each of the three great 
parts of the 24 pounder, is to be increaſed by the 
difference between the length of thoſe parts in the 
two Tables: But the Zones in the 24 pounder is 
to be diminiſhed by the ſaid difference, in Cannon 
carrying a greater weight of ſhot. 


15. To delineate a Piece of Cannon. Plate x. Fi ig. t. 


In a line ar drawn to repreſent the axis, or middle 
line of the Gun; beginning at a, apply the lengths, 
ſucceſſively in order from one to the other, as ſhewn 
in the table, Art. 13. and taken from a conveni- 
ently ſized ſcale; as of the Caſcable, from a to B; 
of the firſt Reinforce, from B to e; of the ſecond 
Reinforce, from c to p; of ihe Chace: from p tor; 
and to the center of the Trunnions from B to E; 
through the points B, c, E, p, r, draw lines at right 
angles to Ar: On theſe normal lines, apply the re- 
ſpective diameters, at the end of the firſt and ſecond 
Reinforces, and alſo at thoſe of the Chace ; then the 
reſpective parts being joined by ſtraight lines, will re- 
preſent the ſections of the three diffimilar Conic fruſ- 
trums of which the Gun is compoſed. 
Add alſo, taken from the ſame ſcale, the Breech, 
Bore, Vent and Trunnions ; alſo the ſeveral mem- 
bers of the Caſcable, Reinforces and Chace, are to 
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be applied to the line ar, in the manner as directed 
for a column in pages 68, 69; and the diameter of 
each member applied to the normal through the 
diviſion for that member, will give the diſpoſition 
of the ſeveral rings; whoſe extremities are to be 
formed according to the kind of moulding to be 
repreſented: Obſerving that a graceful curvature is 
preſerved in that part of the chace within about a 
half of the length of the muzzle from the front, when 
that curvature begins, and finally falls in with. the 
large ſwelling moulding or ovolo. 

16. The lengths of cannon for many ages, after 
their firſt. invention, were much longer, nearly 
double, than what are now uſed: It is apprehended 
that this practice aroſe from the notion that a large 
quantity of powder, viz. about +5 of the weight of 
the ſhot, produced a greater force in the ſhot than a 
lefs quantity; and therefore it was neceſſary to have 
long Cannon, that all the powder taking fire before 
the ſhot parted from the piece; the. expected force 
might be obtained: Accidents and experience have 
long fince-ſhewn theſe notions to be fallacious; and 
that a charge of a third, or even leſs. than a third, 


of the weight of the ſhot is. ſufficient for battery in 


Breach. ; ; whereby the. Gun is leſs heated, and the 
Carriage leſs ſtrained. And with regard to Ship 
Guns, even alels charge is ſufficient to force the 
ſhot through the nearett ſide of the ſhip, from 
whence, the miſchief chzelly proceeds : Eſpecially as 
our Naval Officers are not now afraid to engage an 
enemy at a diſtance, . where they can ſee: the whites of 


their eyes, as was gallantly ſaid and executed by a 


brave Captain in the laſt war. Now if equal ſervice 
is produced by a leſs quantity of powder, the ſhorten- 
ing of. Cannon may, perhaps, be attended with ad- 
vantage; and were they all to be conſtructed of 
lengths equimultiples of the calibre of the ſhot, ſup- 
pole in the ratio of x to 18, or. 19. the four pounder 
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would be little ſhort of five feet; And then one 


table of the parts for one Gun, would ſerve for every 
other, without alterations in the parts, here called 
Zones: But theſe things ſhould be determine we 
careful experience. 


Or THE ParTs OF A SHIP Gun CARRIAGE. 


Gun Carriages are Machines, generally running « on 
wheels, whereby the Cannon are ſupported, and 
more readily moved from one place to another ; and 
for ſhipping are compoſed of Wood and Iron. 

The parts of Wood, are the two Sides, Cheeks 
or Brackets, the two Axtrees, the four Trucks, the 
Tranſom, the Stool-bed and the Coins. 

"The parts of Iron, are the two Cap-ſquares, the 
16 Bolts with four Burrs ; the ſix Loops; the 12 
Plates: the 4 Axtree hoops, and two Stays; the 4 
Linch, and 4 Dowel pins; Rings and Keys 10; 
with two Staples, Chains and Keys. 

BRACKETS, are the two fide planks of the Car- 
riage; of a thickneſs equal to the calibre of the 
ſhot; the hinder half length and breadth is faſhioned 
into four equal gradations called STEps, ſo as to 
make the breadth of the cheeks behind only half the 
breadth before; and to diminiſh their weight, without 
leſſening the ſtrength, the bottom of the bracket is 
uſually hollowed away, a quantity of about a third 
the length and ſixth of the breadch, and bounded by 
a circular curve. 

In 12 pounders; and all above, the bracket conſiſts 
of two planks fuſteurs edge ro edge by two Dowel 
Pins. x 
AXTREES, are the two Gahan voting the 
brackets before and behind, which ſupport them, and 
on which run the four wheels, called 'I RUcKs. 

TRrAansoM is that piece of wood joining the 
brackees over the fore Axtree, or that next the 

| F--4 mouth 
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mouth of the Gun, and is of the ſame thickne 
as the brackets; and ſerves to preſerve the brackets 
in their proper vertical poſition. 
STOOL-BED is à board, having a croſs piece or 
bolſter at one end, which reſts on the hind Axtree; 
and, with the Coms, or wedge-like pieces of wood, 
Arve to raiſe or lower the breceh of the Gun. 
'Truxnion- -HOLES, are thoſe ſemicircular cavities 
ſunk in. the upper ſides of the brackets over the 
fore Axtrees, which receives the T runnions of the 
Gun. 
. CAP-SQUARE is a thick iron plate, boa circularly 
in the middle to go over the trunnions and retain 
them in their places; with a flat part on each fide 
of the circular part; one end of the hinder flat part 
moves 1n a joint, and in the fore flat is a hole to re- 
ceive the Eye bolt, by which the cap-ſ{quare is held 
down. with a key faltencd to a chain banging to a 
ſtaple fixed on the ſide of the bracket. 
The Eye Bol paſſes quite through the ks of 
the bracket and the middle of the fore Axtree, its 
upper end going through the hole in ke fore 
flat of the Cap- ſquare. 

The jovr BoLT paſſes alſo through the dang of 
the bracket, a little behind the trunnion hole and 


fore axtree ; in the upper end of this bolt is a 


circular hole to receive one end of the Cap-ſquare, 

which moves in that hole like the joint of an hinge : 
The lower ends of theſe two bolts are connected by 
the AxTREE STAY, which is an iron plate bent like 
an X, with holes in its extremities to receive the 

ends of the bolts. 

Hind AXTREE BOLTS and Ba area BOLT, all 
aſs through the plane of the bracket ; the former 
two, through the two lower ſteps and the hind. Ax- 
tree; and the latter through the upper ſtep, and ter- 
mihates in the circular hollow in the lower part of 
the bracket. In the lower end of each of the above- 
5 5 mentioned 
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mentioned bolts, are holes, called Eyes, over which 
ſhps- a-circular iron plate, called a Ring, and a flat 
piece, called a Key, paſſes through the eye, which 
being then ſomewhas twiſted prevents their being 
jolted out of the eyes. 

'FRAnSOM- BOLT and BED: BOLT, both paſs acroſs 
the Carriage and through both brackets; each end 
of theſe: bolts are riverted with a round head, on 
circular plates, called BUx RS. Fhe tranſom bolt 
paſſes through the tranſom, under the Trunnion 
hole, about che middle of the breadth of the bracket; 
and the bed bolt lies below the middle of the 

upper ſtep, about two thirds of the breadth of the 
bracket in this part. 

BRreecyinG BOLTS are two, piace one in each 
bracket at about the middle of the length, a little 
before the bed-bolr; the inner end lies fluſh with 
the inner ſide of the bracket; the outer end is 
finiſhed in a circular eye, which holds the Breeching 
ring; by which the carriage 1s laſhed to the ſhip's 
ſide. 

Loops are bolts like | the been bolt, having 
a large round eye at one end; two are placed in 
each brack det, one over the bed bolt, about mid- 
height of the third ſtep; another over the fore part 
of the hind truck, about mid-height of the bracket 
in this part: E he inner ends of theſe four loops, and 
the two breeching bolts, are rivetted flat, on ſquare 
plates, which lie fluſh with the inner {ide of the 
brackets. Theſe loops ſerve allo to my the carriage 
in its place. 

There are two other loops, one in the middle of 
the front of the Tranſom, and the other in the mid- 
dle of the rear of the hind Axtree; ſerving to haul 
the Carriage forwards or backwards. | 

TRAVERSING PLATES, one in the bottom of each 
bracket, between the tail and the hind trucks. Theſe 
plates lapping from under the brackets a imall way 
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the ſides, preſerve the wood from being fretted 
by the Bandſpikes i in frequent traverſing of the Car- 
riage. 

AI HOOPS, one on the end of each arm to keep 
them from ſplitting: Between theſe hoops and the 
trucks, are cut ſquare holes, one through each arm, 
to receive the Linch- pins. 

STOOL-BED BOLTS, are two, fixing the plank of 
the Stool-bed, to its croſs piece or bolſter. 

In the Stool-bed is another excavation, called the 
Bild notch; its uſe is alſo to receive the Bed bolt, 
when the Stool- bed 1s puſhed ſo much forward as to 
let the bolſter drop off the hind axtree ; for then the 
breech of the Gun deſcends between the brackets. 
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TanLr of general Dimenſions of the Parts of a Ship 
Gun Carriage, in Calibres of the reſpective Shot. 


Of the nn, | 


Calib. „ 


Length - = - - = = 12,522 Thickneſs = == - 4 1,000 
Breadth, before 4.686 Breadth behind - | - = = 122343 
Diſtance, at the Trunnions 2,992 | Diſtance at mid. 'of hind Axtree 3,695 
Diſtance of the center of the trunnion hols from the front - 1,983 
Diameter of trunnion hole 1,082. Center ſunk in the de - = 0,045 
Radius of the Ovolo next the upper ſtep - — — - - $00 
E ti de b length of its cherd - 3 5-000 
enn 1 e ; diſt. from the front - - - 3500 
The Axtrees. 
| F length = = [1,767 
: Whole length WS 9.7355 The Arms mn , 
Breadth, between the brackets, at the 2 „„ 3 ow 
Breadth, between the Brackets and Arms - - - [1,226 
Depth in the mid. of fore 1, 6 59 Depth in mid. of kind: - _- [1,226 
Diſtance between the middles of the Axtrees - - - _  - |$,63, 
Diſt. of middles from the brackets ends, ) bind e 8 — 2 
Depths of Axtrees let into the brackets = 15 - -. [0,43z 
3 5 3 ore = 35,24 
Trucks, their thickneſs , ooo; their diameter } hind — 8 2.834 
Cap- ſquare . | Breeching ring, diam. } inner so. Soo 
Whole length 2,974. Breadth o, 721 Dn | 
Thickneſs - o, 125. Bend 1,092 | Stool-bed. | 
Fore flat 1, 171, 3 de Whole length 5.822. Thickneſs o, 721 
I 1 5 ength - 31 Breadth before1.082, Behind 1, 80; 
ane r 2 5 , Bolſter, length 2,974. Breadth . ooo 
: ength - [0,415 i Depth - 1,2 50. let in ſo, cao 
| Feed of Eye bolt 8 0,21 6 | p * 2 „ * 
Rounging at ends of Cap-ſquare (o, 216 Fore Notch & depth - „234 
Joint bolt projects ut of Capſq, o, 207 diſt. from front o, 613 


Thickneſs of the key - = [0,054 


length - +« {3,000 
The Tranſom 5 5 
—dſ t 1 

Bolts, their diameter = - = 0 8 ; Oe 
Diam. of Burrs, and heads = ſo, 360 
Diam. of Burr ring - = = [0,486 


— * 


Loops inner diam, - - o, 300 
outer diam. en 


LOST [ ” 


220 APPENDIX. 


To confrut the Elevation _ Plan of a Ship Cun- 


Carriage. 


For the Elevation. Plate X. Fig. 2. 
In the ground line as, take the Ade of the 
Points A, B, equal to 8,693 * calibres of the ſhot, 


and in perpendiculars through thoſe points, take 


BD, Ae, for the radius's of the fore and hind trucks; 
and deſcribe the Trucks, and the Arms of the 
Axtrees. 

From the centers b, c, deſcribe arcs 1 the 
radius's of the heights of the brackets above the cen- 
ters of the arms + then, a tangent drawn to theſe 
Arcs will repreſent the bottom line of the bracket ; 
to which, Normals from the centers p, c, give E, r, 
for the middles of the Axtrees. 

Ix the line Er, take the diſtances EG, rn, of the 
brackets ends from the middles of the Axtrees ; 
- compleat the parallelogram of the brackets, with 
the ſteps and ovolo ; put in the T runnion hole, and 

mark its loweſt point 1. 


To repreſent the ſeftions of the Axtrees and T: ranſom. 


By the depths, breadths, and parts let into the 


brackets, the ſections of the Axtrees may be ex- 
preſſed. 

From k, the middle of the upper part of the fore 
Axtree, deſcribe an arc L, at the diſtance of the thick- 
neſs of the tranſom; draw a tangent from 1 to L, 
and compleat the ſection of the tranſom LM. 

Let the length of the excavation at the bottom of 
the bracket be the baſe of an_ equilateral Tri- 
angle, whoſe vertex is the center of the curve. 


AB = CD —BD—AC|*= FE +DF—cE| —Bb—ac|* 

+ The ſum of the depth in the bracket and radius of the 

Arm, taken from the depth of the Axtree, leaves the height 
of the bracket above the center of the Arm. 

For 
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For the Plan. Plate X. Fig. 3. 


Let the line AB repreſent the middle line and 
length of the carriage. 

Take B, ac, the diſtance from the bracket ws 
of the middles of the fore and hind Axtrees, and BÞ 
the diſtance of the center of the trunnion holes from 
the front; through c, c, D, B, A, draw normals to AB. 

Make pk, cr, the half diſtance of the Brackets, at 
the middle of the Trunnion holes and hind Axtree; 
a line through E, r, ſhews the inner line of the 
bracket, and a parallel to it, at the diſtance of the 
thickneſs, ſhews the outſide line of the bracket, ter- 
minating in the normals through A, B, and on theſe 
mark the ſteps, quarter round, and trunnion hole. 

In the Normals, through o, o, take the lengths 
of the Axtrees, and of the Arms; to the Arms, 


apply the thickneſs of the trucks, and their diame- 


ters; allo apply the breadths of the fore and hind 
Axtrees, as well between the brackets as without 
them, and alſo the diameters of the Arms; and 
compleat the plan of the Axtrees and Trucks. 
Put in the Cap- ſquare and its bolts ; the bolts-in 


the upper, and the two lower ſteps, - with the Bed 


and Tranſom bolts, and the loops in their places, 


alſo the ferrels or rings on the ends of the Ames 


Arms, with the holes for the linch- pins. | 
The plan and ſection of the Stool-bed, may be 
ealily formed from its dimenſions. See Fig. 4 and g. 
From the mid-line of the fore Axtree, a calibre 
applied on both ſides of it, will give nearly the limits 
of the fore and hind lines of the tranſom, which 
thereby ſhelters the fore A xtree from the rain. 
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TOf Sea Mertars. 


Bomss are hotlow balls of Iron, called "EY 
whoſe cavities being filled with gunpowder, and 
fired by a flow burning fuſe, breaks the ſhell with 
7 violence into a multitude of pieces. 

Mok raks are a- fort of Guns, ſhorter than cans 
non, but with larger bores, for the paffage of the 
Shells ; thoſe uſed at fea, are called thirteen inch 
and ten inch mortars, theſe meaſures being about the 
diameters of their bores. 

The Bore cc is cylindrical, having its lower end 
terminating in a hemiſpherical hollow caac, to re- 
ceive the convexity of the Shell. 

The CHAMBER aafdf is a cavity beyond the bore, 

nd is to receive the charge of powder: Its figure 
aaff is uſually that of a truncated cone, the greater 
end aa opening out of the ſpherical part caac of 
the bore, but much leſs in diameter; and the 
leſſer end ff, terminating in a hemiſphere fdf of 
equal diameter to it: The communication with 
the chamber, by which the Charge i is fir ed, is called 
the VenT. 

The BrEEcH IEI is this hemiſpherical. mals ſur- 
rounding the lower part of the chamber : The Mor- 
tar has alſo its parts, called Reinforce and Chace, with 
their reſpective mouldings or rings. 

The Taux NON HFFH 1s that great cylindrical 
part joining croſswiſe on to the Breech; and 
the Arms FG are the two cy lindrical parts at the ends 
of the Trunnion. 

The Ears in, In, are thoſe wedge-like Darts 
which join to the Breech and Trunnion ; propoſed 
to ſtrengthen thoſe parts againſt the great ſtrain 1 in 
* 
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The Dorynins E, k, are thoſe kind of handles 
in the form of Fiſh on the upper ſide of the 
Reinforce, by which the Mortar is flung when 
lifred on, or off, its Bed or Carriage. 

The Cnock is a wedge-like piece joining on 
the lower fide of the Reinforce rings; which 
by entering into a cavity in the Coin, (a part 


belonging to the 0 contributes to > keep the 
Mortar Ready. | | 
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Ten of Tenors Ta for deſeribing f Sea 
ee in eee of the damp 3 


Aa + 2 T Whole Mortar 958 |: 


The length Breech, including the wales ; 1. _ a 


Trunnion — 
einforce „„ 


ef tie 


, - i. 
. <= = > =: 


Oo OO 
From the Muzzle to the Breech 
incluſive . - 
The Frun- C Greateſt part VV 
nions. he Arms -- c> 
Siler -- = 8 
Band - _ 5 = — — 
rr +> 
rings 1. 0 
1 cd - 11 
0,394 | S oe No 
| 8 Fillet. ——— — 
Girdle LM Oo, 9 2:22 


8 4 ; 
Pe SSH 
1 . 127298 — 4-4 .. * 


Reinforce | Band - = .- « 
© 4 2 : LS 3 


0 * 1 - £ 4122 | A | 
Banc „ . 


Reinforce 15181 = W 4; = no 
Breech rings Band n 
K 


The Vent, before the) Breech-band 5 


Oo, 110 


Side.pieces, or Ears, Fore breadth => 


— — 


lameter 


h 25 141 


5 15460 3.285 
15030 1752 


length 0,677 0,748 


I,900 | 1,031 
| o, 669 
9 f 0,551 
4.598 3 — 
2,601 1 0,937 
0,488 | 0,779 
0,032 | 1,909 
0,172 | 1,940 
0,032 | 1,909 
y 1,877 
G_ 7 1752 
0,022 | 1, 783 
0,598 1,752 
1,783 
0,172 1,929 
o, 126 949 
| 1,973 
0,338 Xs ; 2,230 
0,039 | 2,255 
11 2 2,283 
5 - 2,264 
0,032: - 2,255 
— 2375 
— | 2,264 


To 
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To delineate the repreſentation of a Sea Mortar. 


In a line 43 drawn for the axis or middle line, 


apply from the ſcale choſen for the Calibre of the 
ſhell, the lengths ac, op, vs, for the Breech, Rein- 
force and Chaſe; and then put on the Axis the ſe- 


veral lengths ſhewing the breadths of the Rings. 


In lines drawn perpendicular to AB, apply the re- 


ſpective diameters of the Rings; and let the extre- 


mities of theſe diameters be Joined with the proper 


lines and curves to repreſent the feverat Mouldings. 


Take the length from the Muzzle to the Breech, 
which apply from B to E, from which ſet on the 
axis, the {emidiameter of the breech, and it gives the 
center, from whence the curvature of the breech is 
to be deſcribed. 

Let the length of the Bore and Chamiber toge⸗ 
ther, be ſet from B to d, and the length of the Cham- 
ber be ſer from d towards 3; then may the repre- 
ſentation of the Chamber afdfa, of the Bore bcaact, 
and Vent g, be deſcribed from their reſpective mea- 
ſures: And ſo the Trunnion xr, its Arms Fc, and 
the Ears i, See Pl. XI. Fig. I, 


of a Sea Mortar Bed. See Fig. 2. 


A SEA MouTan Bep, or Carriage, is a Machine 
compoſed of Wood and Iron, ſerving to bear the 
Mortar ſo, that it may be traverſed to throw its 


Shell, or Bomb, in any propoſed direction. This 


Bed is uſually compoſed of two courſes, or tiers, of 
Oak timbers, ſtrongly dowelled and bolted toge- 


ther; three timbers in the lower tier, each of the 
whole length; and four in the upper tier; the two 


outſide ones, called ChEEKSs, are of the whole 
length; and the two middle pieces are partly of 


the 
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the whole length, and parily leſs than half the 


length. 5 

The TRUNNIOx Be, i FO that cylindrical cavity xx, 
ſcored out of the timbers in the upper tier, and 
which receives the greater part of the Trunnion: 


And the Tauvxxiox QLES Lk, are thoſe cylindrical 


cavities cut in the Cheeks to receive the Arms of 
the Trunnions. 

The Bzexca Be, vv, is that ſpherical cavity in- 
rerſecting the. Trunnion, Bed, fitted to receive the 
| breech of the Mortar: And the BREECHES,. YYZZ, is 
that part left of the two middle timbers in the upper 
tier, wrought into two hollow. cavities, called Lzcs, 
2, , lying lengthwiſe parallel to the Cheeks; the 

ore ends reach the front of the carriage Bs, and the 


other ends terminate in the [phenical cavity of the 


Breech Bed. 
The Down-Bzp is the lower tier of timders 3 bor 
is the name uſually given to the whole excavation, 


including the Splays, vv, or infexions of the cheeks, 
againſt the Brezch- Bea, to receive the Ears of the 


. Mortar. je 
The Coin is 2: | thifrable, piece of elm timber, 
which is placed aver the Breeches, and tenons in- 
to the Cheeks, at a diſtance from the front, of about 
a quarter of the length of the carriage: Its uſe is 
to bear up the mouth of the Mortar at its deſigned 
elevation, when fired, and that the Reinforce of the 
Mortar may lie caſy and. Ready againſt the Coin, its 
upper, and under edges, next the piece, are ſcooped 
ou, tog receive the fycling roundneſs of the Mor- 
tar, and: the figure of: its chock. When the Coin is 
taken. of, the Mortar falls in between the Cheeks 
and the Legs of the Brreches, the Choak | reaching the 
Dyum bed whereby the Mortar: is ſtowed coampactly 
When Ohr of uſe. e 
The deued rectangle — ſhews the place of 
he Coin, 
39 x | The 
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The Mou pincs are the Ovolo, Cavetto and Fillet 
made in the upper edges of the timbers at the tail 
EDE, and at the front of the Cheeks s3. 

The Bor rToM BED, or TRaversinG WHEEL, is a 

ſolid timber cylinder placed horizontally under the 
bed, bearing it up and revolving with it when tra- 
verſed ; which is repreſented by the 5 circle 
marked . , © 

The Pirrix is a large iron pindle, or vertical 
axis, of about half a Calibre in diameter, its upper 
end having a broad flat head: It paſſes through the 
Down and Bottom beds, and has its lower end fixed 
into ſome ſtrong timber work, called the Bed by the 
Shipwrights who conſtruct and fix it to the Veſſel 
called a BouB-KETCH: Round this Pintle the Car- 
riage with its Mortar 1s traverſed, or turned, into 
any y poſition. 

The Wane is an iron ring, incloſing the Pintle- 
hole, whoſe center is c; it is let into the wood, and 
lies luſh with the top of the Don- Bed, and the head 
of the Pintle reſts on this ring, whoſe breadth is re- 
preſented by ab. The Brp-PrarzE is a circular 
Iron plate, incloſing the Pintle-hole at the under ſur- 
face of the Bottom Bed, with which it lies fluſh : 
From this plate ſpread three Arms equally diſtant 
from one atiother ; through - theſe Arms paſs three 
bolts 2,z,z, called Down Bed Bolts, which go quite 
through the Down and Bottom Beds; one in the 
middle line of the Bed; and the other two fall 
in the Trunnion Bed, touching the Breech Bed. 
The Car-$qyarrs are two iron dates mm, the 
middle parts whereof, about one third' the length, 
are circularly bent to go over the 'Trunnion Arms: 
In the middle of each flat end is a rectangular 
hole , to receive the head of an Eye bolt, whereby 
the Cap-ſquare is ſtrongly fixed to the Cheek, to 
r the ſtarting of the Mortar when fired. 
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Theſc TIES plates are attached to the upper ſur- 
face of the Bed by a ſtrong chain to each; having 
one end fixed to ſtaple on the top of the 
Bed, and the other engl to a e on the 880 _ 
near its hinder end. 

The 38 is an iron plate near the 
tail. "mouldings, to. hich . it is concentric ; it lies 
fluſh. with the upper ſurface of the timbers, to 
ſuſtain the heads of four bolts, called-RiverTING- 
PLATE Bor- rs, paſſing through both the tiers of 
timbers: The sutſide two, in the middle line of the 
Cheeks, have Loops; the other two are ſo placed 
as to leave Scarly equal paces Dapween: the: four 
bolts. s 943 at WJ VIE . . 

The: Ravens pLarzi goes — the Bed, jult 
behind the Trunnion it lies level: with the upper 
ſurface of the timbers, and ſerves to ſuſtain the heads 
of ſix bolts, called RxYERSE- PLATE HOL s; theſe paſ- 
ſing through: both the tiers of timbers and che Bottom 
Bed, contribute to hold all theſe parts ſtrongly to- 
gether: The two outſide ones are Eye: bolts, for the 
hindmoſt holes in the Cap - ſquare; the other four are 
ſo placed as to ave wann e en between the 
es., e ode | 

The 1 is an iron bar, out of ſight, 
lying dowelwile-in; its; breadth; berween the two tiers 
of timbers... ot its 10 2bn5 10 

Loops there are four, two on the middle * of 
each Cheeꝶ s one at each end of the Riverting: plate, 
and one near the front of each Cheek, the extremity 
of the Loop reaching the Ovolo ; theſe two Loops 
are parts of bolts n paſs een both the: tiers 
o tunes. 

EyE-BOLTS hn are t three 3 in * lei y- 
ing in the ſame ſtraight. line, za little within the 
middle line of the Cheeks : the Eyes of che two fore- 
moſt ſerve to fix down the Coins and the eyes of he 

| | other 
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other four , u, u, n, ſerve for retaining the two Cap- 
ſquares over the Trunnion Arms: Theſe ſix bolts 


80 through both tiers ofthe timbers and the bottom 
belt! ff sides s ie 


Jacc'p BOLTS twelve; in each eg of the Brezebes 2 


there are ſix, in two rows, three im a row; dividin 
the breadth into two equal ſpaces, and the length, 
taken from the front of the carriage to the foremoſt 


Down-bed bolt, into nearly equal intervals: Theſe 


bolts are only à kind of Jagg d nails to fix this 
part of the doton· bed to the lower timbers, - © '-* 
TRAVERSING: BOLTS, four, fixed to the lower tier 
of timbers; two in the front nearly oppoſite to the 
middle of the Chezks, and two in the tail, nearly 
oppoſite to thoſe in the front, theſe bolts ſerve t to 
traverſe the Carriage round its center. : n 


Cndss- BED BOLTS, are in number ſeven; two, 


mm Fig. 3. which bind together the timbers in the 


upper tier, lie one above the other a little before the 


| tail Loops: Of the other five, connecting the timbers, 
in the lower tier, one pair u, u, lying one above the 
other, paſs a little behind the front loops ; another 
pair o, e, lie a little behind the tail loops, one above 
the other, oppoſite to the other two , u; and the 
fifth p, lies againſt the interval of the laſt pair , o, in 
the mid way, nearly, between the hindmoſt Eye-bolts 
and tail loops. The ends of all the cro/s-bed bolts 
paſs through ſuare rivetting plates, which lie fluſh 
with the furface of the timbers : The ends of theſe 
bolts finiſſ in a male ſcrew, to receive on them 
hexagonal ſcrew nuts; which by a proper winch are 
turned down cloſe to the ſquare plates, and ſo draw 


the timbers into as cloſe contact as they can be 


forced. 


Of the fixteen vols which paſs 3 through, 


the Bed, ten of them, namely, the four Loops, and 
the fix He. bolts, enter at the upper ſurface, and are 
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faſtened at the lower ends by circular - ſerew nuts, 
which: are turned by a forked key, and enter into 
the wood until they are fluſh with its ſurface: The 


other ſix, viz. two rivetting plate, and four reverſe 


plate holts,.enter.at the bottom, and are ſtayed there 


by their ſquare flat heads, which are counter-ſunk in 
the wood ſo as to be fluſh with its ſurface, the upper 


ends are, by the fcrews on them, fixed by hexagonal 


ſcret nuts, which are turned by the winch cloſe down 


upon the niveiting and reverſe plates. Gy 
Io the bottom of the Coin, are fixed two iron 


Plates, called ;STav-PLATEs,. each having in the part 


projecting behind, a rectangular hole to receive an 
Eye- bolt, whereby the Coin is fixed in its place. 
On the ſides of the Carriage, againſt the ſix 

Eye bolts, hang, by ſmall chains, as many iron pieces, 
called KEys; which being paſſed through the Eyes 


in the N ſaſten down the do. oe and cp 
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General 3 ons of a Sea Mortar Bed, in Parts of the 
Calibre F the: Shell. 


12 Calibr, | 
Breadth of the 1 "ew fb 41252 is 8 oy _ ; 
Middle length — = 55 Riverring ode oo a Gs 
Side length * W 7 1 6,929 PN Chord of its length * 
both Gerd — 2, 203 
Depth of upper tier [4,181 [Ends ſpreading = | 
PP 1 1 8 F Fore edge, diſtance 
Pintle's center from front 3728 | | „ From "the front - ©. 
1 Inner diameter — 0557 FER Miadic bred: > © 
Walter | Outer diameter = - | 09747, | plate | '} Fo behing <- - 
Thickneſs - = | 0,039 md K ends - 4 
Outer diameter - | 1024 -Len ch „ 
plate Arms ms 1 Longeſt - - | heh I Thickneſs -- - - 
88 1 en Cs * is 3 Breadth of the End, 
1ameter | 42949 | _ Capa | rounding I ISTSES 
Bottom-bed 3 Bottom depth 0,433 ſquare . | from end - 
1 Side depth - | 05630 |. 3 'Bylt bole Length - 
07. I 225 (17 Breadth + 
Mouldings ' {rice "op" Pn +4 Radius „ the bend = 
Mi ddle . 9 1 : ſ Diſtance of the mid- ? 
; po ED OO 
"the from... = $ | 4994 _ te from the fron 5 
Trun. ] Breadth of Bea - = | 0,946 mr 
ee 8 - | 2,677 Depth - - F 
| Arms, ) Length o, 531] Coin - 
| their Breadth 0, 787 „ my 
Dep th - - [ 9,457 E lon 
Bottom Breadth - | 0,709 The Tenon — b 8 4 
Meh ; . 
Lower hu ; 2 _ | the middle, is * 
8 : Height of head 
Down- breadth of the 985 Idee 
Bed concavity 
Legs | Bottom breadth - - 
breadth of the rg Heads of Length - - 
upper ftep Eye-bolts Break 
Extent from front | 4,252 (A * Eyes S 
Begins, from the front | 2,834 the u end : 
Where the Cheeks 4.461 x * bes Per 
Splay n 23 — 25 7 err diameter — 
for the Ne th of Solay - 40 7875 * their ſquare heads 
ength of Splay 5 Side of the hexago- 
Ear Here the Cheeks Ty 1 
ä _ . > 2,480 nal fcrew nuts 
Broatth 5 1 0,006 | Folts Diameter of the cir- e 
Cheeks cular ſcrew nuts 
eekSs I Depth = « o, 551 . : Lf 
P Sideof ſquare · rivet-plateſ o, 31 , 
bs | Ovtt'de diam, 
* | 3 Inge diam. 
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18197 


Calib.] 


5,317 
35543 
05,472 


4,608 


9,317 
37742 ö 
0,394 
2,008 
0,472 
— 


0,197 
0,257 
0,5118 
0,326 [ 


1,575 
42173 


1,062 
| 1,299 
0,354 
0,570 
0,118 
0,315 
0,354 
o, 110 
0,270 
0,138 
N 
0,098 
0, 118 
0,177 


$159 
0,334 
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0,394 
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T7 0 delineate the tien of the Plan of a Sea 
— Bed. Pl. XI. Fig. 2. 


In a line ms drawn equal to the breadth of the 
front of the Bed, let the point A be the middle; 
through the points A, B, B, draw lines at right angles 
to the front: In the middle line, or axis, apply 'the 
whole tength ap, and the diſtance to the center of 
the Pintle c, and on the lines een B, B, apply the 
ſide lengths BE, BE. 

From c deſcribe the arc EDE, repreſenting the 
rear, or tail, of the Bed; and concentric to xDe, 
deſcribe_the mouldings between p and r, and the 
Rivetting-plate on; alſo the Pintle-hole, with its 
radius ca, and the Collar, or Waſher, with its radius 


In ap take ar for the diſtance of the center of the 
Trunnion from the front; though 1 draw Kk at 
right angles to a1; in which take II, for the 
diſtance of the Trunnion holes, and Lk for their 
length; na for the breadth of the Trunnion bed, 
and oo for the breadth of the Trunnion holes. 

On each ſide of a, make yp equal to the bottom 
breadth of the Down-bed ; ye, for the lower ſtep; 
_ en for the Legs; Rs, for the upper ſtep; and sB 

for the breadth of the Cheeks ; through P, On, s, 
draw lines parallel to ac; thoſe through p meeting 
the Waſher in p. From c, with the radius er An, 
deſcribe an arc rt, meeting the line wn in f. Make 
Arx equal to the extent of the Down. bed from the 
front; and through 2, r, , deſcribe the elliptic curve 


It, which may be done; ſufficiently exact by the 


hand: Alſo reform the inner ſide of the Cheeks into 
the Splay vv, to receive the Ears of the Mortar. 
The middle line of the Cap-ſquare mm paſſes 
r the middle of LK, the breadth of the Trun- 
nion holes. 1 | 
40 To 
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wo 7 o delineate the repreſentation of the Plan of a Sea 


ries Bed. Pl. XI. Fig. 2. 


In a line Bs drawn equal to the breadth of the. 
front of the Bed, let the point a be the middle; : 


trough the points A, 8, 8, draw lines at right angles 


to the front: In the middle line, or axis, apply the 
whole tength ap, and the diſtance to the center of 
the Pintle c, and on the lines through B,B, apply the 


ſide lengths BE, BE. 


es. 


From c deſcribe the arc rr, repreſenting the 
rear, or tail, of the Bed; and concentric to EpE, 
deſcribe the mouldings between p and r, and the 
Rivetting- plate on; alſo the Pintle-hole, with its 
radius ca, and the Collar, or Waſher, with i its radius 


In ap take ar for the diſtance of the center of the 
Trunnion from the front; though 1 draw kk at 


right angles to a1; in which take LL, for the 


diſtance” of the Trunnion holes, and rx. for their 
length; na for the breadth of the Trunnion bed, 
and oO for the breadth of the Trunnion holes. 

On each ſide of a, make pp equal to the bottom 
breadth of the Down- bed; pd, for the lower ſtep; 
n for the Legs; Rs, for the upper ſtep; and 8B 
for the breadth of the Cheeks ; through P, Qn,s, 
draw lines Parallel to Ac; thoſe through p meeting 
the Waſher in p. From c, with the radius cr SAR, 
deſcribe an arc rt, meeting the line ww in ?: Make 
Ax equal to the extent of che Down- bed from the 
front; and through 7, 7, 7, deſcribe the elliptic curve 


rr, which may be done! ſufficiently exact by the 


hand: Alſo reform the inner ſide of the Cheeks into 
the Splay vv, to receive the Ears of the Mortar. 

The middle line of the Cap-ſquare mm paſſes 
through the middle of Lx, the breadth of the Trun— 
nion holes. 
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To draw the Elevation if a Sea Mortar Bed, Plate XI. 
Fi ig. 3. 


Form rectangles with the lengths and depths of the 

Bed ; as AABB; and With the lengths nd depths of 
each courſe of timbers aacc, and Fes alſo ſet off 
the mouldings 4b. And the bottom Bed with the 
diameter pp and depth pz. 
Put in r the center of the Trunnion hole, and 1 
the Hole, Cap: ſquare and Eye. bolts u, x; the Loops 
7,7, and the Eye- bolt 7, for the Coin: Alſo put in 
the Croſs-bed bolts , m, u, n, o, o, p; and the Chains 
and Keys againſt the Eye- bolts. 


For the Sein. Plate XI. Fig. 4. 


: With the weadthk AA, height AB, and depth Bc of 
the upper tier of timbers, form the Rectangles 
AABB, BBCC; and draw the middle line pe. 

Take the breadrh kr and depth o of the cheeks : 
And take ee for the bottom breadth of the Down-bed ; 
ed the height, and db the breadth of the firſt ſtep; 
alſo make og the breadth of the upper ſtep : On p, 
with the radius pg deſcribe the concavity ga of the 
Down-bed legs, meeting ba drawn at right angles 
to bd. 

The Traverſing bolt T is in 1 the mid height of 


the lower tier, and about the ſame diſtance from the 
outſide, 
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